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Abstract 
 
Stable disilenides, silicon analogues of vinyl anions, offer a valuable entry point to 
unsymmetrically substituted disilenes of the A2Si=SiAB (substituents A ≠ B) form otherwise 
impossible to obtain. Disilenes, although kinetically stabilised by bulky substituents, readily 
react with a broad range of substrates consuming the silicon double bond in a multitude of 
addition reactions. This makes manipulations in the periphery of the disilene scaffold a 
challenging task. 
This thesis concentrates mainly on the synthetic approach to novel functionalised 
unsymmetrically substituted disilenes by reaction of a disilenide with suitable precursors and 
transformation of functionality in the presence of Si-Si double bonds.  
The second major topic is the preparation of extended (conjugated) systems with multiple 
Si=Si units using a disilenide as transfer reagent. Stable compounds featuring between one 
and six Si=Si units were obtained and fully characterised including para-(halosilanyl)phenyl 
disilenes, thiophenyl disilenes, aminophenyl disilenes as well as disilenyl functionalised 
amine- and silane-centred dendritic molecules. Spectroscopic data for each class of 
compounds is presented showing the influence of functional groups on the molecular 
properties, especially the HOMO-LUMO gap.  
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Foreword 
 
Carbon’s property to form kinetically stable multiple bonds is directly responsible for the 
wide range of organic substrates in nature. Soon investigations with silicon as the higher 
homologue of carbon moved into focus. The possibility to form unsaturated silicon based 
systems is subject of many theoretical and practical investigations. At the beginning of the 
20th century, F. S. Kipping investigated the synthesis of silaketones and disilenes.[2] This was 
a time long before the development of NMR techniques and the pioneering spin experiments 
of Otto Stern and Walter Gerlach were just about to start.[3] Therefore, initially Kipping 
misinterpreted his result and proposed the formation of element-element double bonds on the 
basis of the instrumental methods at hand. Intrigued by the idea of Si=Si [2b,4] and Si=O [2a] 
double bonds he concentrated his efforts on the synthesis of such low-valent silicon 
compounds. Kipping assumed that dehydration of silandioles would lead to silaketones but it 
turned out that his “silicones” contained Si-O single bonds only.[2a] Cyclic systems, oligomers 
and polymers were formed instead, the significance of which Kipping did not appreciate.[4] 
However, James F. Hyde developed the class of silicones to invaluable significance for 
industry. He earned great honours for his dedication to this kind of silicon compounds with 
ever increasing commercial value.[5] In 1937, after Kipping’s failed experiments on Si=Si 
bond formation[2b,4] he concluded in his Bakerian lecture that in principle silicon would not be 
able to form low-valent species.[6] Kipping’s conclusion along with calculations by Pitzer[7] 
and Mullikan[8] lead to the assumption that heavier congeners of second row elements are not 
able to form multiple bonds at all. The so called “Double Bond Rule” which was first 
formulated by Goubeau[9] was accepted to be valid for more than 25 years. However, 
synthesis of the first stable disilene by West and co-workers[10], in 1981, together with efforts 
Brook (Si=C)[11] and Yoshifuji (P=P)[12] launched the era of low-valent heavy element 
chemistry. 
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1.1.  About the Idea of Stable Disilenes 
Despite Kipping’s failed attempts to form double bonds involving silicon, scientists did not 
bury the idea of heavier element multiple bonds and several years later in 1970s Peddle and 
Roark reported the formation of elusive Me2Si=SiMe2 2a, a first hint of the long desired low-
valent silicon species.[13]  
Here, the disilene was liberated by a thermolytic retro-Diels-Alder process at 380 °C (1) and 
was reacted in situ with anthracene in an [2+2] cycloaddition reaction to afford 3a. Formation 
of 3a was verified by its distinct signal in the 1H-NMR at –0.3 ppm[13] as well as by mass 
spectrometry of the product, which confirms the incorporation of tetramethyldisilene 2a into 
anthracene by the disilene’s distinct fragment signal which corresponds to mass of m/z = 116. 
 
Scheme 1. Transfer of disilane functionality from 1a-c to anthracene (3a-c) via 
thermolytically generated disilenes 2a-c (a: R = H; R’, R’’, R’’’ = Me, b: R = Me; R’, R’’, 
R’’’ = Ph; c: R = Me; R’, R’’, R’’’ = Ph). 
In 1979, Sakurai demonstrated that the transfer of disilene from naphthalene to anthracene 
does not affect the stereochemical information of the transient disilene.[14] Thermolysis of Z- 
(1b) and E- (1c) 1,2-diphenyl-1,2-dimethyldisilene-bridged naphthalene provides a disilene 
that can be trapped by anthracene in isomerical pure form showing a significant activation 
energy for E/Z isomerisation in disilenes.[14] However, until this point, stable disilenes had 
not been isolated yet.  
 
1a-c 2a-c 
3a-c 
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Two years later, in 1981, West and co-workers, isolated the first stable disilene 6 by 
photolytic elimination of hexamethyldisilane from mesityl- (2,4,6-trimethylphenyl) 
substituted trisilane 4 (Scheme 2). 
 
Scheme 2. Formation of the first, kinetically stable disilene 6 via photolysis of the linear 
trisilane 4. 
The Si-Si single bonds of 4 were cleaved with UV radiation at low temperature, converting 4 
into the blue silylene 5 (λmax = 580 nm)
[15] which than dimerises spontaneously, upon removal 
of the silylene-stabilising hydrocarbon matrix, to the yellow disilene 6.[10]  
Now the direct observation of physical and optical properties of disilenes was possible due to 
the kinetic stability in the absence of water or oxygen at ambient temperature. Investigations 
of the bond energies and the HOMO-LUMO gap of disilenes and therefore the light 
absorbing properties soon granted access to diagnostic attributes of the novel moiety. 
1.2.  Structural Properties of the Si-Si Double Bond 
Comparison of second row elements with their heavier congeners shows a distinct difference 
in the ability to form multiple bonds. This behaviour can be explained by the different bond 
strengths in the respective unsaturated compounds. The simplest and probably best 
investigated representative of second row element-element double bonds is the planar 
ethylene molecule. The double bond of ethylene consists of a - and a -bond, which are the 
result of two sp2- and p-orbitals overlapping. Although the -bond is the object of frontal 
and the -bond of lateral orbital overlap, their bond strengths are very similar. This is 
illustrated by the bond dissociation energy (BDE) of a double bond, which is almost twice as 
high (156.6 kcal mol−1) as for a C-C single bond (86.1 kcal mol−1).[16] The C-C double bonds 
experience a rotational barrier of more than 60 kcal mol−1 due to the high degree of π-
overlap.[16]  
 
4 6 5 
42 
 
However, carbons higher congener silicon experiences a significantly smaller rotational 
barrier for the double bond which was calculated as 22.7 kcal mol−1.[17]  
For determination of bond strengths a theoretical approach (RTh) looks at the energy liberated 
during the combination of carbene-like element fragments at 0 K as a zero order 
approximation (Scheme 3). For an experimental approach (RExpH) hydrogenation energies are 
regarded to be a reliable source of energy values as well as cis-trans isomerisation energies. 
 
 
Scheme 3. Theoretical (RTh) and experimental approaches (RExpH/RExpI) to isomerisation 
energy values. 
Rotational isomerisation (RExpI) of unsaturated compounds can only take place via formation 
of a biradical species. Rotation of 180° around the E-E -bond gives an isomeric orientation 
and subsequent recombination of the separated electrons completes the process. 
Twisting of the Si=Si bond, which essentially corresponds to an isomerisation in the sense of 
RExpI, destabilises the singlet ground state (S0, Figure 1) of each silicon atom due to a reduced 
Si-Si orbital overlap. However, the rotation and hence breaking of the Si-Si π-bond to a bi-
radical species also stabilises the triplet state (T1,Figure 1) due to its planar geometry (sp
2 
hybridisation) in which each participant of the former double bond E=E (E = C, Si) 
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accommodates one of the electrons (Scheme 3) in a p-orbital. Still, activation energy (Dπ - 
cis-trans isomerisation activation energy) is required for the S0 → T1 excitation-rotation 
process (Figure 1). 
 
Figure 1. Energy diagram for rotational cis-trans isomerisation of a double bond via a 
biradical (S0 = singlet state, T1 = triple state, D cis-trans isomerisation activation energy). 
Reproduced from literature.[17] 
The energy necessary for this rotation process depends on the double bond strength and 
therefore on the nature of substituents. Ethylene formally derives from combination of two 
triplet carbene fragments under formation of - and -bond. However, substituent effects can 
lead to a singlet ground state and energy is required to promote an electron to a pz-orbital and 
hence to generate the triplet state (Figure 2). 
 
Figure 2. Classical double bond from triplet carbene fragments. 
This energy difference between the singlet and triplet state of carbenoid fragments depends 
on two characteristics of the substituents (X, Figure 2), namely electronic properties and 
space demand. 
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Electronegative substituents prefer binding to p-orbitals (Bent’s rule) as they have a lower 
valence ionisation potential compared to the sp2-orbitals.[18] Therefore, claiming electrons 
from the p-orbital is more efficient than it is from hybridised orbitals. An increased p-
character of C/Si-R bonds causes a higher s-character for the non-bonding electrons. The s-p 
energy difference is higher than the singlet-triplet energy difference for hybridised orbitals, 
which ultimately leads to a singlet ground state for the carbenoid fragments. 
Substituents like -F, -Cl, -OR or -NR2 stabilise the singlet ground state of carbenoid 
fragments not only by their electronegative character but also by π-donation into vacant pz-
orbitals and can hence force pairing of the two non-bonding electrons. 
Well-documented examples for the influence of substituents on the bond dissociation energies 
are ethylene (172 kcal mol−1) and tetrafluoroethylene (76.3 kcal mol−1).[19] The distinct 
weakening of the C-C double bond by its electronegative substituents can be attributed to a 
higher singlet-triplet energy splitting of the constituting carbene fragments.  
According to VSEPR-theory, the size of substituents and the resulting angles have a 
significant impact on the electronic state. Bulky aryl and alkyl groups convey a state in which 
each substituent has the maximum space possible. The triplet ground state favours a linear 
arrangement of substituents to maximise the distance between substituents in the -state 
(Figure 3). Additionally, aryl groups are able to delocalise the two unpaired spins.[20] 
 
Figure 3. Idealised geometries of triplet and singlet states of unhybridised carbene-like 
fragments. 
1.2.1.  The Carter-Goddard-Malrieu-Trinquier (CGMT) Model 
The singlet-triplet energy splitting in hypothetical silylene fragments has structural 
consequences for the Si=Si double bond: According to the CGMT model, bond formation of 
two singlet silylene fragments is realised via occupied -orbitals that engage in a twofold 
electron donating interaction with the empty p-orbital of the second fragment (Figure 4). The 
overall result of this double donor-acceptor interaction is a non-planar (trans-bent) structure 
(Figure 4).[17] 
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The non-planar geometry of Si2H4 ( = 12.9°)
[21] is characteristic for most disilenes and is due 
to a singlet ground state of silylene (Figure 4). However, the shallow bending energy 
potential surface separates the two trans-bent forms by only 0.5 kcal mol−1 via a planar 
transition state, which implies a high degree of conformational flexibility. 
 
Figure 4. Non-classical double bond characteristics according to CGMT-model from carbene 
like singlet fragments. 
Silicon however stands at the border line between fully developed trans-bent and planar 
structure. Heavier congeners show fully developed trans-bent angles.  
Generally, the substituent’s influence on the bonding situation can be characterised by three 
different bonding parameters. The bond length (d), the trans-bent angle () and the torsion 
angle () (Figure 5).  
 
Figure 5. Definition of non-classical double bond deformations. 
The substituents’ space demand has a considerable impact on the flexible structure of 
disilenes. The kinetic instability of the Si=Si moiety requires bulky substituents suppressing 
dimerization and polymerisation reactions of Si-Si double bond moieties. 
Substituent effects on Si=Si double bond geometries were qualitatively analysed by various 
X-ray diffraction studies on different disilenes and compared to computational studies. It was 
found that the Si=Si double bond can adopt a broad variety of conformations ranging from 
planar (7)[22], twisted (8)[23], trans-bent (9)[24] to slightly cis-bent (10)[25] (Scheme 4).[26] 
Calculations by Karni and Apeloig showed the significant impact of the substituents on the 
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structure of the double bond. Whereas electropositive substituents support a planar 
arrangement of the disilene, π-donating and electronegative substituents impose a trans-bent 
conformation.[21] 
Disilene 7 (Scheme 4) shows a planar structure around the Si-Si double bond although 
theoretical calculations predicted a trans-bent arrangement. Increased steric bulk in blue 8 
causes a twisting of  = 54.5° between the two Si planes,[23] however, a rather planar 
arrangement was calculated. In both cases simplified model systems did not fully account for 
the steric strain imposed by the very bulky substituents. 
 
Scheme 4. Selection of examples for different conformations in disilenes (Tip = 2,4,6-
iPrC6H2, R = Si(
tBu)2Me, R’ = SiMe3). 
The biggest trans-bent angles (= 32.9 and 30.9°) are known for a rigid cyclic system with a 
pre-set trans-orientation of substituents by a defined stereochemical layout (9).[24] Suitable 
substitution can even enforce a cis-bent structure as found for 10 where the rigid bicyclic 
framework directs the double bond into a cis-bent angle of = 3.6°.[25] However, the 
shallowness of the energy potential surface demands precaution with the interpretation of 
structural parameters, which are in the range of crystal packing forces.[27] Even solvent effects 
have a significant influence on the conformation as for disilene 6 three different sets of 
structural parameters were found depending on the solvent applied for crystallisation.[28] 
Besides the conformational flexibility, constitutional changes are observed in some cases.[29] 
E/Z-isomerisation (Scheme 5) as well as dyotropic rearrangements (Scheme 6) were subject 
 
7 8 
9 10 
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to investigations. In general three different mechanisms are possible for isomerisation 
processes (Scheme 5): 
a) Rotation around the Si-Si bond, (a).[30]  
b) Dissociation into two silylene fragments and reforming the double bond after rotation 
(b).[31] 
c) 1,2-migration of a substituent to form the corresponding silylsilylene followed by a 
second 1,2-migration after free rotation around the Si-Si single bond (c).[32] 
 
 
Scheme 5. General mechanisms for the E/Z-isomerisation process of disilenes. 
The relevance of these mechanisms depends on the bonding situation. If the dissociation 
energy of the p-bond (E) is smaller than the BDE (energy needed to form silylene 
fragments), breaking of only one bond is more energy efficient (a).[32] The alternative, when 
E is larger than the BDE of the Si=Si moiety, full dissociation into silylene fragments (b) is 
more likely to be the case. The 1,2-migration (c) of substituents strongly depends on the 
substituent’s migratory aptitude.[33] Mechanism c is regarded to compete with mechanisms a 
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and b. Therefore the substituent’s electronic and steric properties have to be taken in account 
for each individual case.  
Dyotropic rearrangements where two substituents exchange positions in a concerted process 
were confirmed by experimental investigations (Scheme 6).[34] 
 
Scheme 6. Dyotropic rearrangement of disilene substituents by concerted exchange. 
1.2.2. Molecular Orbital (MO) Theory of Disilenes 
The structural features of disilenes (cis-, trans-bent and twist) as introduced in chapter 1.2 can 
be explained by Molecular Orbital (MO) Theory. Due to the high lying HOMOs (highest 
occupied molecular orbital) in disilenes interaction with anti-bonding orbitals is implied. The 
result of the distorting bonding - anti-bonding orbital interactions (second order Jahn-Teller 
effect)[35] has structural implications. This can either lead to decomposition or structural 
change within the molecule fragment accommodating the frontier orbitals. The deformational 
response of the molecular geometry, to compensate the destabilising MO interactions, was 
investigated in an theoretical (PMO) approach by Kira in 2011 (PMO = perturbed molecular 
orbital).[36] Here the structural changes were investigated in the light of bonding and anti-
bonding MO combination. Calculations were carried out on the model H2M=MH2 ethylene 
analogues (M = C, Si and Ge) considering π-σ*-interaction of the Si=Si bond as well as the 
Si-Si π-orbital interaction with Si-H σ*-orbitals. However, the interaction of MOs, which 
requires deformational adaption, is restricted by symmetry and was associated by Kira with 
the structural changes of interest (twist and bent) in order to identify the stabilising MO 
combinations.  
Kira could show that mixing of the π-orbital with the σ*1 and σ*2-orbitals generates 
additional stabilisation and leads to a trans-bent structure (Figure 6). The same applies to 
combination of the π-orbital with σ*3-orbitals, leading to a cis-deformation. 
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However, no stabilising effect is found for mixing of orbitals that lead to a twisted structure 
(π and σ*4). Stabilisation by combination of π- and σ*-orbitals is only achieved when “the 
stabilising energy is larger than the partial energy loss due to less effective π overlap between 
two M atoms at the distorted geometry”[36]. 
 
Figure 6. Stabilising and destabilising combination of π- and π*-orbitals with σ*1-4-orbitals in 
disilene. Reproduced from literature.[36] 
1.2.3. UV/Vis Spectroscopy 
The silicon-silicon double bond frontier orbitals (HOMO - LUMO) show a significant smaller 
band gap in comparison to the carbon analogue ethylene (Figure 7). Theoretical investigations 
by Kira and Iwamoto found only half the band gap energy difference for disilene due to 
energetically higher HOMO and lowered LUMO which allows absorption in the visible 
region of the electromagnetic spectrum.[32] 
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Figure 7. Energy levels of HOMO and LUMO in ethylene and disilene. 
The colour of disilenes range from yellow 11a-c (λmax ~ 390 nm)
[37] to green 12 (λmax = 715 
nm)[23] (Scheme 7) and derives from the maximum absorption wavelength (λmax) 
corresponding to the π → π* transition. However, the smaller band gap also increases the 
reactivity of disilenes towards electrophiles and nucleophiles which will be discussed in 
chapter 1.4 in detail. 
 
Scheme 7. Substituents effect on the HOMO-LUMO energy levels of disilenes (Tip = 2,4,6-
triisopropylphenyl, Cp = 5-C5H5). 
The conformational flexibility of non-classical double bonds allows adaption to steric and 
electronic influences but on the other hand effectively quenches photoluminescence by the 
large number of degrees of freedom available. Nevertheless, in 1984 West reported a weak 
luminescence for disilene 6 at low temperature (−196 °C).[28b] In addition to the reduction of 
the HOMO-LUMO gap in disilenes by substituent effects, conjugation of multiple Si=Si units 
effectively lowers the frontier orbital energy difference. Tetrasilabutadiene 13, the earliest 
 
12 11a-c 
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example reported, (Scheme 8) shows a distinct red shift of about 100 nm (λmax = 518 nm, 
Weidenbruch, 1997)[38] compared to the disilene 6 and other aryl substituted derivatives 
(Scheme 8). A second tetrasilabutadiene derivative 14 was disclosed by Sekiguchi with an 
absorption maximum at λmax = 513 nm, hence with a similar red shift as Weidenbruch’s 
example.[39] In 2007 the groups of Scheschkewitz and - only months later - Tamao 
independently reported the synthesis of the Si=Si analogue of oligo(p-phenylenevinylene) 
subunits 15 [40] and 16[41]. 
 
Scheme 8. Conjugated tetrasiladienes directly connected (13, 14) or linked via a phenylene 
bridge (15, 16). 
Conjugation of the two disilenyl moieties in 15 (λmax = 69 nm, λmax = 508 nm) and 16 (λmax 
= 82, λmax = 543 nm) via the para-phenylene linker is indicated by the significant red-shift of 
the longest wavelength absorption (λmax), in comparison with the corresponding compounds 
with isolated double bonds and was verified by theoretical calculations.[40] However, the 
communication of linked disilenyl moieties strongly depends on the overlap of π-orbitals and 
conformational freedom of the conjugated scaffold can influence the band gap significantly. 
Therefore, the twisted conformation of the biphenylene liker in tetrasiladiene (Scheme 9) 
leads to a lower λmax value compared to tetrasiladiene 17 although the π-conjugated system is 
potentially extended.[42] 
 
13 
15 
14 
16 
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Scheme 9. π-electron conjugated tetrasiladienes 15 and 17; communication via phenyl and 
biphenyl linkers. 
1.2.4.  NMR Spectroscopy 
Despite the low natural abundance of 29Si (4.67 %), nuclear magnetic resonance (NMR) 
spectroscopy has developed into one of the major diagnostic tools in silicon chemistry. 
Essential information about the electronic situation of each silicon atom can be derived from 
the spectrum which covers a wide range of over Δ = 500 ppm ( (SiMe4) = 0).
[32] 
29Si NMR chemical shifts of disilenes depend strongly on steric and electronic influences of 
the substituents. Symmetric aryl substituted disilenes usually cover the range of  = 52 to 72 
ppm, alkyl substituted disilenes are found between  = 90 and 103 ppm and silyl substituted 
disilenes show resonance from  = 131 to 156 ppm.[32] Substitution of disilenes in an 
A2Si=SiB2 pattern with A = aryl and B = silyl affords two different 
29Si NMR spectroscopy 
signals according to the aforementioned chemical shifts for each substituent type. However, 
the signal assignment is inverted; the low field signals ( = 139 to 153 ppm) correspond to the 
aryl substituted silicon atoms and the high field signals ( = −1 to 15 ppm) to the silyl 
substituted silicon atoms. This can be rationalised by the partial positive (−I-effect: aryl) and 
negative charge (+I-effect: silyl) on the respective silicon atom introduced by the individual 
substituents and hence a deshielding (Si-aryl) and a shielding (Si-silyl) effect. 
 
15 17 
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1.3.  Synthesis of Disilenes 
Since the synthesis of the first stable disilene 6 by West et al. in 1981 a broad range of 
different disilenes has been reported.[43] In 1996, 27 disilenes were already isolated.[44] This 
number expanded rapidly to over hundred known, isolated and characterised disilenes during 
the following decade.[24] More recently, symmetric[39,45] and also asymmetric substituted 
disilynes[46] have been isolated.  
The synthesis of most disilenes follows one of the two main pathways to form the Si-Si 
double bond. Either strongly reductive or photolytic conditions can be employed.  
Three different types of precursors are known for the generation of Si-Si double bonds under 
photolytic conditions, namely trisilanes (Method I), cyclotrisilanes (Method II) and 
compounds suitable for photolytic [4+2] cycloreversion (Method III).  
In general 1,2-dihalodisilanes (Method IV) and 1,1-dihalosilanes (Method V) are used for the 
reductive dehalogenation with alkaline metals as displayed in Scheme 10. 
 
Scheme 10. Synthetic approaches for disilene formation from a variety of suitable precursors 
(R = aliphatic or aromatic bulky substituent). 
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Almost all different principal substitution patterns for disilenes have been realised to date 
(A2Si=SiA2, A2Si=SiB2, ABSi=SiAB, A2Si=SiAB, ABSi=SiCD), however, no single method, 
is suitable for the synthesis of all variations. 
1.3.1. Method I (Photolysis of Linear Trisilanes) 
Photolytic cleavage of linear trisilanes (18) is a common method for the formation of 
silylenes (19) which dimerise to disilenes (20 and 21) in situ (Scheme 11). 
 
Scheme 11. General approach to disilenes via photolytic cleavage of linear trisilanes.  
Reaction is usually carried out at very low temperature in a frozen matrix of isopentane and 
3-methylpentane.[47] Application of a softer matrix or upon annealing the dimerization 
process of the silylenes starts even at low temperature. Dimerization usually leads to a 
mixture of Z- (20) and E- (21) isomers (Scheme 11) when two different substituents (A, B) 
are present in the silylene intermediate (19). Co-photolysis of two differently substituted 
trisilanes leads to the desired substitution patterns like ABSi=SiCD or A2Si=SiB2, however, 
in a statistical mixture with ABSi=SiAB and CDSi=SiCD or A2Si=SiA2 and B2Si=SiB2, 
respectively, and is thus too unselective for general preparative use.[33] The bulkiness of 
substituents has a positive effect on conversion rates. Larger substituent on the trisilane 
precursors cause a widening of the Si-Si-Si angle which facilitates formation of the by-
product Me3Si-SiMe3, though this effect is only minor.
[33b] In addition, at least one of the 
substituents must be an aryl group that acts as a photosensitizing moiety. 
 
18 21 20 19 
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1.3.2. Method II (Photolysis of Cyclic Trisilanes) 
In 1982 Masamune reported the successful photolysis of cyclic trisilene 22a (Scheme 12), 
affording silylene (23a) and consequently disilene 11b.[48] Applications of this method are 
limited, since all silicon atoms have to have the same substitution pattern in order to obtain a 
single product and hence allow symmetric substitution pattern only. 
 
 
Scheme 12. Photolytic cleavage of cyclotrisilanes (22a,b) to silylenes (23a,b) and disilenes 
(11b/24) with subsequent dimerization of 23a,b to (11b/24), (Dmp = 2,6-Me2C6H3). 
Kira et al. demonstrated how tetrakis(trialkylsilyl)disilene (11b) is obtained via photolysis 
from a suitable cyclotrisilane precursor (22b, Scheme 12).[49] Weidenbruch and co-workers 
investigated the photolytic cleavage of cyclotrisilanes in detail.[50] He disclosed the proposed 
reaction mechanism with respect to the anticipated cleavage of the cyclic trisilane 25 (Scheme 
13) into silylene and disilene.[51] Photolysis in the presence of equimolar amounts of MeOH 
yielded the corresponding quenching products 26 and 27 (Scheme 13) as proof for 
simultaneous silylene and disilene formation. 
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Scheme 13. Photolytic clevage of cyclotrisilene 25 in the presence of methanol. 26 and 27 are 
the respective products from reaction of MeOH with silylene and dislene intermediates. 
Additionally, Weidenbruch examined the reactivity of the generated silylene fragment 
towards single bonds, double bonds and conjugated multiple bonded systems.[51] 
1.3.3. Method III (Photolytic [4+2] Cycloreversion)  
As introduced in chapter 1.1 photolytic [4+2] cycloreversion of disilabicyclo- 
[2.2.2]octadienes 1a-c was proven to be a suitable method for the synthesis of (mainly 
transient) disilenes. In 1972 Peddle and Roark were the first to apply this method to generate 
unstable tetramethyldisilene 2a and trap it in situ with anthracene in a [4+2] cycloaddition 
reaction (Scheme 1).[13b] The resulting product, a disilane, 3a (Scheme 1) led to the 
suggestion that a transient disilene had indeed been synthesized. Masamune further showed 
that this method can be applied for the synthesis of almost persistent tBu2Si=Si
tBu2.
[52] 
However, synthesis of other derivatives via cycloreversion has not been reported yet. 
1.3.4. Method IV (Reductive Dehalogenation of 1,1-Dihalosilanes)  
Reaction of dihalosilanes with alkali metals have been known for a long time and yield 
versatile linear and cyclic silanes (R2Si)n with n ≥ 4.
[4] The number of repeat units (n) strongly 
depends on the steric bulk of substituents (R). Consequently, Masamune reported an efficient 
product control with 2,6-dimethylphenyl substituents (28) in the reaction of dichlorosilane 
with lithium naphthalenide as a reducing agent yielding cyclotrisilane 29 as the sole product 
(Scheme 14).[48] 
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Scheme 14. Substituent control on product formation from reduction of dihalosilanes (R = 
2,6-dimethylphenyl[37], R’ = Tip (7)[22], R’ = CH(SiMe3)2 (32)[53], M = lithium 
naphthalenide). 
A further increase of the substituents steric demand in dihalosilanes (30/31) afforded disilenes 
7[22] and 32[53] only (Scheme 14). Lithium, lithium naphthalenide and potassium graphite are 
mostly used for reduction. 
1.3.5. Method V (Reductive Dehalogenation of 1,2-Dihalodisilanes)  
Method V can be seen as a step-wise variation of method IV in which the Si-Si -bond is 
formed deliberately prior to the -bond. This allows for the assembly of asymmetric 
A2Si=SiB2 type substitution patterns otherwise difficult to achieve (38a,b). Kira and co-
workers developed a synthesis for 1,2-dihalosilanes 37a,b starting from chlorosilane 33 as 
shown in Scheme 15.[34b] The lithiosilane 34 is formed by reaction of 33 with tBuLi and reacts 
with 35a,b a differently substituted chlorosilane with elimination of LiCl to give the 
unsymmetrically substituted disilanes 36a,b. Bromination affords the dibromodisilane 37a,b, 
which can be reduced to the corresponding disilenes 38a,b. 
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Scheme 15. Synthesis of asymmetric 1,2-dihalosilanes 37a,b and dehalogenation to disilenes 
38a,b.[34b] 
1.3.6. Sophisticated Methods of Disilene Formation  
Although some similarities with methods I-V do exist, the following approaches to disilenes 
represent optional modification for specific purposes. 
1.3.6.1. Reaction of Dilithiosilanes 
In 2001, Sekiguchi reported an approach to disilenes which is particular useful for the 
synthesis of unsymmetrical disilenes A2Si=SiB2.
[54] Lithium is used in the initial step to 
cleave off 1,1-dilithiosilane 40a,b from the corresponding silacyclopropene 39a,b. Double 
salt elimination reaction with dihalosilanes 41a,b affords the final disilenes 42a-d (Scheme 
16). 
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Scheme 16. Regioselective high yield disilene formation (42a-d) via double salt elimination 
reaction of 1,1-dilithiosilanes 40a,b with 1,1-dichlorosilane 41a,b (Mes = 2,4,6-MeC6H2, Tip 
= 2,4,6-iPrC6H2). 
This method yields the according disilenes almost quantitatively and can be applied at room 
temperature. In addition, it is also suitable for the straightforward synthesis of compounds 
with heteronuclear Si-E double bonds (E = Ge[54b], Sn[55], B[56], Ga[57], In[57], Hf[58], Te[59]). 
1.3.6.2. Lewis-Base Stabilised Silylene Intermediates 
Donor-acceptor complexes (Lewis acid-base complexes) with the empty p-orbital of silylene 
units (43) have been reported as precursors for disilene synthesis (Scheme 17).[60] The 
thermally unstable silylene complex (44) is generated at low temperature in a hydrocarbon 
matrix in the presence of electron-pair donors like nBu3N, Et3N, Et2O, 
tBu2S, CO or 2-methyl-
THF.[61] The stability of these complexes is temperature dependent and can lead to 
dimerization to the corresponding disilenes (6). The process can be monitored by the 
difference in UV/Vis absorption from the single silylene fragment.[62] However, this case 
formally belongs to the discussed methods I-II and is therefore only mentioned for 
completeness. 
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Scheme 17. Temperature sensitive, Lewis-base stabilised silylene 44 and its dimerization to 
disilene 6 (Mes = 2,4,6-MeC6H2) upon warming. 
1.3.6.3. Rearrangement of Unsaturated Silicon Species 
The 1,4-addition reaction of suitable reagents to tetrasilabutadiene 13 afford disilenes of the 
ABSi=SiAC type (45a,b). As a “HX” source HSiCl3 and 2 LiBr/CF3CO2H have been applied 
(Scheme 18).[63] 
 
Scheme 18. Formal addition reaction of HX (X = Cl or Br) to tetrasiladiene 13 and 
rearrangement to disilene 45a,b (Tip = 2,4,6-iPrC6H2). 
1.3.6.4.  Addition Reactions with Disilynes 
Disilynes (46) can react selectively with amines and boranes to the corresponding amino- 
(47a,b) and boryl- (48a,b) substituted disilenes via 1,2-addtion reactions (Scheme 19).[64] 
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Scheme 19. Formation of amino- (47a,b; a: R’ = Et, b: R’ = Ph) and boryl- (48a,b; a: BR’’2 
= 9-borabicyclo[3.3.1]nonan-9-yl, b: BR’’2 = catecholboryl) disilenes via addition reaction of 
the according amines R’2NH and boranes to a disilyne (46).
[64] 
The hydrogen substituted amino- and boryldisilenes (47a,b and 48a,b) are inert towards 
addition of a second equivalent of the applied reagents due to the bulky substituents (R, 
Scheme 19).[64] This method offers access to unsymmetrically substituted disilenes and allows 
introduction of functional groups that are usually not stable under the harsh reaction 
conditions during disilene formation (photolysis or reduction). 
1.3.6.5. Carbene-Stabilised Disilenes 
Coordination of N-heterocyclic carbenes (NHCs) to an anti-bonding orbital of SiCl4 was 
reported to yield the corresponding NHC-adduct 49 (Scheme 20).[65] Reduction of 49 with 
potassium graphite yields the NHC-coordinated disilene 50 (Robinson, Science 2008)[66], 
which was also described as a twofold NHC coordinated Si(0) allotrope.[67] 
 
Scheme 20. Synthesis of the soluble Si(0) allotrope (50) via reductive dehalogenation of a 
SiCl4-NHC adduct 49 (Dip = 2,6-diisopropylphenyl). 
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1.4.  Reactions and Stability of Disilenes 
As discussed in chapter 1.2.3 the non-classical double bond in disilenes shows a 
comparatively small HOMO-LUMO gap. The small band gap is directly responsible for the 
high reactivity towards a broad range of substrates and also towards other disilene 
functionalities, when kinetic stabilisation is not applied. The most common challenges for 
stabilizing disilenes and precautions worth considering during their synthesis and 
manipulations are discussed in the following. 
1.4.1. Oxidation Reactions 
With triplet oxygen, the Si-Si double bond reacts readily to yield (oxygen-bridged) 1,3-
disiladioxetanes 54.[28b] Two different pathways were considered for the formation of 54 
(Scheme 21). Oxidation of a disilene can occur either by formation of the intermediate 
dioxygenated 1,2-disiladioxetan (52) or as a repeated single oxygen transfer via a 
disilaoxirane species (53) which occurs at low temperature. 
 
Scheme 21. Oxidation pathways for disilene with triplet oxygen. 
During all steps of oxidation and intra molecular rearrangement, the stereochemical 
information of the disilenes (51) remains unchanged in the final 1,3-disiladioxetanes 54 (see 
arrangement of substituents A and B in Scheme 21). Oxidation of Si-Si double bond 
containing species is not necessarily an uncontrolled quantitative consumption process of all 
Si=Si bonds (see Scheme 22). In 2000, Weidenbruch showed that the oxidation of a tetrasila-
1,3-butadiene[38] (13) leads to different products (55 and 56, Scheme 22) depending on the 
oxidising agent.[68] 
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Scheme 22. Reagent depending selective oxidation of disilene 13 (Tip = 2,4,6-iPrC6H2, m-
CPBA = m-chloroperbenzoic acid). 
The use of m-chloroperbenzoic acid (mCPBA) leads to oxidation of the Si-Si double bonds, 
leaving the Si-Si single bond in the centre of the molecule untouched (55, Scheme 22). On the 
other hand, reaction with triplet oxygen yields the peroxidised species 56. 
1.4.2. Reduction Reactions 
In 1985, Weidenbruch investigated the low reduction potential of disilene in single electron 
transfer reactions to the corresponding radical anions 58a,b.[50] EPR measurements showed, 
that the reduction of 1,2-dichlorodisilane 57a,b with lithium affords the proposed radical 
anion 58a,b (Scheme 23).[50] 15 years later Kira developed a method employing potassium in 
DME at room temperature that yielded the desired radical anions 59a-c directly from the silyl 
substituted disilenes 11a-c.[69] 
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Scheme 23. Disilenyl radical anions (58a,b and 59a-c) from 1,2-dihalosilanes 57a,b and 
disilenes 11a-c (Mes = 2,4,6-MeC6H2). 
Wiberg demonstrated that single electron reduction is not limited to tetrasilyl substituted 
disilenes, but also occurs with mixed silyl/aryl (A2Si=SiB2)substituted disilenes.
[70] The 
reaction of disilenes with reducing agents, however, seems to depend on more than one 
factor. For instance, the reaction of tetrasilyl disilenes 8, 11a and 11c with lithium in THF can 
lead to two different products (60a,b and 61) as a function of the alkyl part of the disilenes’ 
substituent (Scheme 24).[54b] 
 
Scheme 24. Substituent depending product formation (60a,b and 61) from disilenes (8, 11a 
and 11c) under reductive conditions (R: a = tBu2Me, b = 
iPr2Me). 
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1.4.3. Reaction of Disilenes with Water, Alcohols and Ammonia  
The general tendency of disilenes to react with all kind of polar reagents and in particular 
with water (→ 62) and alcohols (→ 63) has been summarised comprehensively by Okazaki 
and West[44] and later by Kira[32]. 
 
Scheme 25. 1,2-addition reaction of water (→ 62) and alcohol (→ 63) with disilenes. 
However, the reaction of disilenes with any protic reagent can occur via two different initial 
steps leading to the 1,2-addition reaction product (Scheme 25). Initial interaction of a weak 
van der Waals complex type can occur between the LUMO of the disilene and the HOMO of 
the attacking reagent, e.g. water, or by interaction of the LUMO of the incoming reagent with 
the HOMO of the disilene as shown in (Figure 8).[71] 
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Figure 8. Two different initial interactions between disilene and water leading to the syn (a) 
or anti (b) product. 
In contrast to the reaction with triplet oxygen (Scheme 22) the stereochemical outcome in 
Figure 8 depends on the pathway, which was examined by Kira for the reaction with water. 
Two different stereoisomers can form depending on initial attack of the water molecule 
regarding HOMO-LUMO interactions (Figure 8).  
Although numerous reactions with oxygen containing functionality are known, the affinity of 
disilenes toward ammonia and other nitrogen containing reagents is quite poor. Tip2Si=SiTip2 
7 for instance does not react with ammonia at all (Scheme 26). However, conjugation of Si-Si 
double bonds leads to a decrease of the HOMO-LUMO gap which increases their reactivity. 
Weidenbruch’s tetrasilabutadiene[38] (13) for instance reacts readily with ammonia yielding 
1,4-diaminotetrasilane 64.[72] 
 
Scheme 26. Reactivity of disilene 7 and tetrasilabutadiene 13 towards ammonia (Tip = 2,4,6-
iPrC6H2). 
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1.4.4. Reaction with Halogens and Haloalkanes 
Considering the previously discussed reactivity of disilenes it is unsurprising that the silicon 
double bond’s stability toward elemental halogens and halogen containing reagents also 
differs significantly from that of the C=C bond. The Si=Si moiety reacts with a variety of 
halocarbon compounds which are routinely used as solvent for reactions of unsaturated 
hydrocarbons.  
Therefore, the high reactivity of Si-Si double bonds necessitates a more careful consideration 
of suitable solvents. Mono-, di- or trihalogenated methanes react in 1,2-addition reactions 
with disilenes, cleaving one halogen-carbon bond with formal insertion of the Si=Si unit as 
Sakurai pointed out (65a-c, Scheme 27).[73] Even non-polar CCl4 or CBr4 reacts with disilenes 
but leads to dihalogenation (66) rather than addition to a C-X bond.[73] 
 
Scheme 27. Reactivity of disilenes towards halomethanes. 
The initial step of the reactions is anticipated to be a Si-X-R type coordination (67) with a 
reorientation of electron density forming a biradical intermediate (Scheme 28).[73] Transfer of 
the halide from R’-X to the disilene leads to formation of the halogenated radical 68 which 
subsequently reacts with a second molecule R’-X or the R’∙ from 68 to give disilanes of type 
65 and 66. 
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Scheme 28. Assumed mechanism of 1,2-addition reaction between halomethanes and 
disilenes.[73] 
Powell and co-workers investigated the addition reactions of tBuCl and benzoylchloride with 
disilene 6. While benzoylchloride forms 1,2-addition product 70, tBuCl rather acts as a source 
of HCl forming 69, which is reminiscent of tBuLi acting as a source of lithium hydride 
(Scheme 29).[74] 
 
Scheme 29. Chemoselective reactions of disilene 6 with tert-butylchloride (→ 69) and 
benzoylchloride (→ 70, Mes = 2,4,6-MeC6H2). 
Cyclic disilenes show similar reactivity with halide containing agents and give some 
information about the reaction mechanism. Reaction of disilenes 71 (Scheme 30) with 
halogenated tetrachloromethane and 1,2-dibromoethane (Scheme 30) rather leads to the anti- 
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than a syn-addition product which indicates a stepwise generation of the resulting 1,2-
dihalodislanes 72. This supports the intermediate radical character proposed for initial 
interaction of the halogenated species with the disilene (Scheme 28).[75] 
 
Scheme 30. Reactivity of cyclic disilenes with halogen containing hydrocarbons. 
Weidenbruch’s tetrasilabutadiene[38] (13) shows distinct reaction behaviour towards elemental 
halogens, namely successive consumption (13 → 74 → 75) of both double bonds as traceable 
by the gradual change of colour during the reaction process (purple → colourless) via an 
proposed Cl2-tetrasiladiene complex (73) (Scheme 31).
[72]  
 
Scheme 31. Reaction of tetrasilabutadiene 13 with chlorine (Tip = 2,4,6-iPrC6H2) with step 
wise consumption of both Si-Si double bonds (→ 75). 
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1.5. Synthesis of Disilenides 
Transfer of a saturated silyl groups is no longer a synthetic challenge any more these days. In 
the context of unsaturated silicon systems, the incorporation of Si-Si double bonds into bigger 
(conjugated) systems has attracted much attention. 
Disilenides, a compound class analogous to vinyl anions in the carbon world, have been of 
growing interest regarding the transfer of Si-Si double bonds to a variety of substrates under 
mild conditions.[40,76] During Weidenbruch’s investigations regarding formation of 
tetrasilabutadiene[38] (13), he suggested the lithium disilenide 76 as an intermediate (Scheme 
32). 
 
Scheme 32. Synthesis of disilenide 76 (Tip = 2,4,6-iPrC6H2) and subsequent dimerization to 
tetrasilabutadiene 13 with 0.5 equivalents of mesitylbromide (MesBr).[38,77] 
He proposed that in a first step, disilenide 76 would be formed from 7 by cleavage of one 
substituent with excess lithium. Subsequent addition of 0.5 equivalents of mesitylbromide, 
led to 13. In 2004, Scheschkewitz synthesised the proposed intermediate 76 in a more direct 
approach starting from the disilene precursor Tip2SiCl2 (30) with excess lithium metal.
[77] 
Disilenide 76 readily reacts with oxygen and moisture but shows a high temperature stability 
(mp = 121 °C) which helps with the purification by crystallisation from hot hexane.  
Following Scheschkewitz’s disilenide 76 several more derivatives have been isolated and 
characterised. Sekiguchi investigated a broad range of starting materials and reagents for 
disilenide formation and published intriguing results (Scheme 33). For instance cleavage of 
the central Si-Si bond in tetrasilabutadiene 77 with tert-butyllithium converts the conjugated 
system into disilenide 78.[39] Further he found, that reduction of disilene 8 with different 
metal/naphthalene leads to disilenides 79a-c.[78]  
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Scheme 33. Synthesis of disilenides 78 (R = SitBu2Me) and 79a-c (a: M = Li, b: M = Na, c: 
M = K, R = SitBu2Me). 
Utilising tBuLi as a hydride source Sekiguchi synthesised disilenide 81 from disilyne 80 
(Scheme 34). Disilenide 81 was the first stable species with a hydrogen atom directly bonded 
to a Si-Si double bond.[45b] Furthermore he found that transformation of 80 with MeLi affords 
disilene 82 which contains a methyl substituent instead of the hydrogen (Scheme 34).[79] 
However, the first alkyl substituted disilenide 84 was reported by Kira in 2009. Disilenide 84 
was prepared from the trichlorosilane 83 under the reductive conditions with 
potassium/graphite in THF.[80] 
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Scheme 34. Synthesis of disilenides 81 and 82 (Dis = CH(SiMe3)2) as well as 84 and 86 (R = 
Si(tBu)2Me). 
A cyclic disilenide derivative was a reported by Sekiguchi (Scheme 34). Separation of the 
lithium cation from the trisilapentadienyl anion 85 with 12-crown-4 leads to an 1,2-migration 
of a substituent R and hence to the isomeric cyclic disilenide 86.[81]  
More recently Scheschkewitz et al. reported the copper (87), zinc (88) and magnesium (89) 
based disilenides (Scheme 35).[76c] Transmetallation of lithiumdisilenide 76 with metal 
chlorides in ethereal solvents afforded the corresponding systems. The author demonstrated 
the facile adoption of the reagents reduction potential for possible transfer of disilenyl 
functionality to redox sensitive systems. 
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Scheme 35. Transmetallation of lithiumdisilenide 76 to copper, zinc and magnesium 
disilenides 87, 88 and 89. 
1.6. Conversion of Disilenide 76 into Disilenes and Silanes 
1.6.1.  Reactions of Disilenide 76 with Non-Aromatic Halogen Containing 
Reagents 
The discovery of readily available disilenides prompted the scientific community to look 
closer into the functionalization of Si-Si double bonds. Functionalization of disilenides 76 and 
79 with p-block elements has been independently achieved by the groups of Scheschkewitz 
and Sekiguchi by synthesis of phosphanyl- (90a-e)[76d] and boryl- (91a/b)[76e] substituted 
disilenes. Also the first transition-metal-substituted disilene (12, Scheme 36), starting from 
disilenide 76 was isolated by Scheschkewitz, in 2005.[76b] 
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Scheme 36. Formation of phosphanyl- (90a-e) and boryl- (91a,b) substituted disilenes via 
reaction of disilenides 76 and 79 with the according substituent-chlorides (Cp = 5-C5H5, Tip 
= 2,4,6-iPrC6H2). 
In the initial study on disilenide 76, its reaction with trimethylchlorosilane served as proof-of-
principle for the nucleophilic reactivity of 76, affording trisilene 92 in a smooth reaction 
(Scheme 37).[77]  
 
Scheme 37. Reactivity of disilenide 76 towards mono- and dichlorosilanes (R = Me or 
phenyl) and subsequent rearrangements. 
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The chlorosilyl-substituted disilenes 93a,b, obtained from 76 and the appropriate 
dichlorosilane, isomerise to the chlorocyclotrisilane 94 in solution or rearrange to 
trisilaindane 95 at elevated temperature depending on the choice of substituents R (methyl (→ 
94) vs. phenyl (→ 95)).[76a] As demonstrated by reaction of 76 with TipSiCl3 96, 
incorporation of further halides into the reagents lead to dichlorosilyl disilene 97. Treatment 
of 97 with magnesium powder yielded the trisilendiide 98 which is of high thermal stability 
(Scheme 38).[82] 
Excess silicon tetrachloride reacts with disilenide 76 to the asymmetric substituted chloro 
trisilane 99.[83] Reduction of 99 with three equivalents of lithium/naphthalene yields the 
hexasilabenzene 100, which shows delocalisation of electrons across the central four-
membered ring.[83] Six mobile electrons of -, - and n-type constitute an alternative, 
“dismutational” type of aromaticity (Scheme 38).[83] 
 
 
Scheme 38. Reactivity of disilenide 76 towards bulky trichlorosilanes (96) and SiCl4 and 
subsequent reduction of the respective products. 
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1.6.2. Reactions of Disilenide 76 with Arylhalides 
In order to extend the conjugated system of disilenes, reactions of disilenide 76 with phenyl 
iodide and in a second step with 1,3- and 1,4-diiodobenzene were investigated by 
Scheschkewitz and co-workers. Mono (101) and disubstitution products (102, 15) were 
isolated, respectively, in almost quantitative yield (Scheme 39). The shift of the maximum 
absorption (Δλmax = 69 nm) to longer wavelengths shows that conjugation and therefore 
electronic communication of disilene moieties is feasible via the phenylene linker (λmax = 508 
nm). Furthermore, Scheschkewitz et al. showed that the redshift was an actual effect of 
conjugation since a disubstitution in 1 and 3 positions (102) did not have the same effect on 
the bathochromic shift (λmax(102) = 450 nm). Theoretical calculations supported the assumed 
communication between the two disilenyl moieties in 15.[40] 
 
Scheme 39. Phenylene linked disilenyl units and the effect of conjugation on λmax. 
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1.6.2.1. Conjugated Disilenes 
Since an initial report[84] by Holmes et al. in 1990, the increasing interest in polyphenylene 
vinylenes (PPVs, Scheme 40) and its derivatives generated a huge number of reports on 
substances that find application in the active layer of organic light emitting diodes (OLEDs). 
 
Scheme 40. Monomeric subunit of a simple poly(para-phenylene vinylene) (PPV). 
Extension of the conjugated π-electron system reduces the band gap. This allows population 
of the LUMO (cathode) and creation of electron holes at the HOMO energy level (anode) 
avoiding a significant energy barrier between the HOMO and the Fermi energy level of the 
anode. However, introduction of isolobal fragments (e.g. P=C: χn = 34, λmax = 334 nm; and 
P=P: χn = 5.8, λmax = 435 nm )
[85] as bridging units between the aromatic moieties of PPVs 
showed similar influences thus raising the prospect of furnishing the desired band-gap 
without the necessity of long conjugated carbon chains. 
Tetrasiladienes 15 and 16 introduced in chapter 1.2.3 can be seen as a dimeric subunit of a 
PPV with χn = 2. The significantly lower HOMO-LUMO gap in disilenes generates λmax 
values of up to 543 nm for the tetrasiladiene reported by Tamao et al. (16).[41] Recently, a 
derivative of tetrasilabutadiene 16 (Scheme 8) was applied as the first example of disilenes in 
the organic layer of light emitting diodes.[86] However, no PPVs with Si-C or Si-Si double 
bonds have been synthesised until today. 
1.6.2.2. Mechanistic Considerations for Reaction of 76 with Arylhalides 
Formally the transformation from a disilavinyl anion (76) to an aryl substituted disilene (101) 
could be regarded as a nucleophilic aromatic substitution (SNAr). The SNAr mechanism, 
however, involves the Meisenheimer complex in which the intermediate anionic penta-
coordinated carbon centre occupies the leaving group as well as the attacking nucleophile. 
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According to the Hammond postulate, the stability of this complex is rate determining for the 
SNAr process. Therefore a better leaving group destabilises the complex which in 
consequence leads to a slower exchange of ligands (k[SNAr]: I < Br << Cl < F). 
Scheschkewitz et al. showed, that 76 reacts differently towards halobenzenes Hal-Ph (Hal = I, 
Br, Cl and F).[87] The fastest reaction at room temperature was reported for iodobenzene while 
chloro- and fluorobenzene show no reaction at all. This excludes the SNAr mechanism under 
the chosen reaction conditions where fluorobenzene should show the fastest reaction of all 
halobenzenes. The straightforward reaction of iodobenzene and disilenide 76 also make 
stepwise mechanistic considerations unlikely, which would involve initial halogen metal 
exchange or SET processes. Consequentially tetrasilabutadiene[38] formation (13), as reported 
by Weidenbruch from low temperature reaction of the postulated 76 reaction intermediate 
with the space demanding mesitylbromide, was not observed in these room temperature 
reactions of 76 with sterically simple aryl halides. 
Therefore, Scheschkewitz et al. postulated an SN2-like mechanism for reaction of disilenide 
76 with simple aryl halides.[87] However, alternate mechanisms are without doubt competing 
under certain conditions, (e.g. the steric congestion of substrates, the reaction temperature, 
and the choice of solvent), as demonstrated by the differing results of Weidenbruch[38] and 
Scheschkewitz[87]. While Weidenbruch observed overall redox reactivity, in the 
Scheschkewitz group substitution reaction prevail for the most part. 
1.7. Halodisilenes 
Halodisilenes can be seen as the counterpart to disilenides regarding charge distribution in the 
molecule (i.e. umpolung). Disilenides are electron rich due to the negative charge they carry, 
halodisilenes are electron poor due to the electron withdrawing halogen.  
First synthetic approaches were made by Wiberg in 2002 when he combined a mixture of 
halotrisilanes 103 and 104 with tri(tert-butyl)silylsodium in boiling benzene affording 1,2-
dichlorodisilene 105 in 12% yield (Scheme 41).[70] More recently, halodisilene 107 was 
isolated by Tokitoh et al. after reduction of tribromosilane 106 with lithium / naphthalene in 
THF at low temperature (−78 °C).[45a]  
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Scheme 41. Synthesis of halodisilenes 105, 107 and 108 (R = Si(tBu)3; Bbt = 2,6-
((Me3Si)2CH)-4-(Me3Si)3C-C6H2; Tip = 2,4,6-
iPr2C6H2). 
Disilenides can also be suitable starting materials for halodisilenes synthesis as shown by 
treatment of disilenide 76 with I2 resulting in the formation of the corresponding iododisilene 
108.[76d]  
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76 108 
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2. Aims and Scope 
The comparatively reactive Si-Si double bond limits the manipulations applicable. Most 
reaction conditions, which are well established for organic compounds would consume the 
Si=Si unit in the course of the anticipated transformation. Therefore, most literature-known 
investigations on low-valent silicon species concentrate on formation of the Si-Si double 
bond in the final step of a synthetic sequence. The few known examples for transformation of 
functionality under retention of the low-valent character start from disilynes and form the 
Si=Si functionality in a 1,2-addition reaction with the according reagent.[45b,64b,64c,88] This is, 
however, not a functionalization of a disilene.  
A special case is the reaction of disilenides with halogenated reagents to the according alkali 
metal[76c], aryl-[40], halide-[76d], p-block element[76d,76e] and transition metal coordinated[76b,76c] 
disilenes. In all cases the high reactivity of the disilavinyl anion was exploited.  
Reactions of neutral disilenes in the periphery of the molecule under retention of the Si-Si 
double bond were unknown until recently.[87] The strongly reductive or photolytic methods 
applied during formation of the disilene moiety generally allow very little functionality to be 
retained for later manipulation.  
It has been shown[87] that disilenide 76 shows selective reactivity towards different aryl 
halides (I < Br << Cl < F). Presumably, this would allow for selective reaction with a specific 
halide in the presence of other halogen atoms and different functionality in general attached to 
an aryl moiety. Therefore, synthesis of functionalised disilenes, where the functional group is 
not directly attached to the Si=Si unit but rather to the disilenes scaffold, would be accessible. 
Thus introduced functionality would generally allow for further manipulations in the 
periphery of a neutral disilene for the first time. 
Also investigations will be presented to what extent functionalised disilene can be applied to 
reactions that further extend the molecular scaffold. Suitable reagents would afford examples 
with multiple Si=Si units within the same molecule, which would allow for analysis of the 
possible communication between disilene functionalities via the organic linker. Stability of 
the disilene functionality under the applied reaction conditions is of pivotal importance in this 
regard. Silanes, amines and thiophenes will be investigated as linking units with a particular 
view to the possible construction of dendritic structures where applicable. 
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3.1.1. Introduction 
Recently, Scheschkewitz et al. reported reactions of disilenide 76 with phenyliodide and 1,4-
diiodobenzene, respectively, to furnish phenyl disilene 101 and the phenylene bridged 
tetrasiladiene 15 (see chapter 1.6.2 for details).[40]  
 
 
Scheme 42. Reactivity of halobenzenes (Ph-X, X = F, Cl, Br and I) towards disilenide 76. 
Further investigations showed that the same reactions are possible with aryl bromide as well, 
although longer reaction times are necessary to achieve quantitative conversion. This allowed 
replacement of the more expensive iodo-derivatives by their bromine homologues. 
Substitution reactions with chloro- and fluorobenzene do not occur and can therefore in 
principle even be used as solvents.[87] 
Preliminary studies in Scheschkewitz group investigated the relative reaction rates of the first 
and second substitution step of disilenide 76 on a multiple halogenated phenyl moiety, by 
reaction of 76 with one equivalent of 1,4-diiodobenzene.[42]  
 76 
101 
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Scheme 43. Unselective reaction of disilenide 76 with one equivalent of 1,4-diiodobenzene. 
Despite the precise 1:1 stoichiometry the expected para-iodophenyl disilene 109 (Scheme 43) 
was obtained in an mixture with about 10% of the disubstitution product 15 and unreacted 
1,4-diiodobenzene. However, even reaction with tenfold excess of the aryl halide did not 
increase selectivity of 76 significantly. 
The reactivity difference of disilenide 76 towards different arylhalides (Scheme 42) led to the 
conclusion that one could profit from the trend of reaction rates to deliberately substitute a 
single position on multiply halogenated aromatic ring, which would yield halogen 
functionalised disilenes (Scheme 44). 
3.1.2. Reactions of Disilenide 76 with 1-Iodo-4-halobenzenes[87] 
In order to confirm this theory, disilenide 76 was treated separately with equimolar amounts 
of different 4-halo-iodobenzenes (halogen = F, Cl, Br) in benzene at room temperature 
(Scheme 44). Iodobenzene was found to show the highest reactivity[87] towards 76 and was 
therefore anticipated to be the reactive site. Indeed, according to multinuclear NMR 
spectroscopy all reactions proceed cleanly, within less than two hours, under formation of the 
desired para-halophenyl substituted disilenes 110a-c.  
 
76 15 109 
85 
 
 
 
Scheme 44. Synthesis of para-functionalized phenyldisilenes 110a-c (Hal: a = F, b = Cl, c = 
Br). 
Despite the essentially quantitative conversions to disilenes 110a-c according to NMR 
analysis, the isolated yields of the products suffered from the increasing solubility in 
hydrocarbons from 110a to 110c (110a: 86%, 110b: 47%, 110c: 23%). Reaction of 1-bromo-
4-iodobenzene with disilenide 76 showed an increasing amount of side product after extended 
reaction times, as elucidated by 1H NMR spectroscopy (Figure 9), which was not observed 
for disilenes 110a and 110b. 
The nature of the side product was not further investigated. In particular in case of 110c, the 
reaction was found to show complete conversion within minutes and can be isolated by 
extraction from hexane (Figure 10). The high purity of disilene 110c allowed direct 
application to all subsequent manipulations discussed in the following chapters without 
further purification. 
 
110a-c 76 
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Figure 9. Lowfield part of the 1H NMR spectrum from crude para-bromophenyldisilene 110c 
after 20 min (left corner inlay - no visible impurity) and after 6 h reaction time (big spectrum 
– small doublets of impurities).  =7.13, 7.09 and 7.05 ppm = Tip-HAr;  = 6.97 and 7.10 ppm 
= phenyl protons (Tip =2,4,6-iPrC6H2). 
All para-halophenyl disilenes 110a-c were completely characterized by multinuclear NMR, 
mass and UV/Vis spectroscopy and X-ray diffraction on single crystals.[87] Disilenes 110a,b 
show comparable 1H NMR spectra with two lowfield doublets of the according ortho- and 
meta-phenyl protons of the introduced functionalised aryl substituent (see exemplary disilene 
110c in Figure 11). Additionally, three diagnostic lowfield singlet signals represent the 
aromatic protons of the three different Tip groups furnishing the disilene moiety. 
 
Figure 10. 1H NMR spectrum of para-bromophenyldisilene 110c exemplary for para-
functionalised disilenes 110a-c.  = 7.13 (s), 7.09 (s) and 7.04 (s) ppm = Tip;  = 7.09 (d) and 
6.97 (d) ppm = phenyl protons.  
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Generally proton coupling constants of disilenes were found to be of expected value for 
organic aryl derivatives and are provided in the experimental section. 
Table 1. NMR and UV/Vis spectroscopic as well as structural parameters of para-
functionalized phenyldisilenes 110a-c. Phenyldisilene 101[40] and 4-iodophenyldisilene 
109[42] are included for comparison. 
 101 110a 110b 110c 109 
1H, ppmTip 
7.39d, 
6.9dd,6.8dd 
7.22dd,  
6.52dd  
7.15d,  
6.82d  
 
7.09d,  
6.97d 
- 
1H, ppmTip
7.12s, 7.09s, 
7.04s 
7.13s, 7.09s, 
7.05s 
7.12s, 7.08s, 
7.04s 
7.12s, 7.09s, 
7.04s 
- 
29Si1, ppma 71.8 70.6 69.3 69.2 69.7c 
29Si2, ppmb 55.2 55.7 57.3 57.4 57.9c 
1J(29Si1,29Si2), 
Hz 
151.4 e e e e 
d(Si1-Si2), Å 2.175 2.147e 2.1735(4) 2.1707(5) - 
Si,°
a,c 22.8f 5.5f 15.8 16.2 - 
Si,°
b,c 22.0f 5.9f 23.8 24.5 - 
°d 5.0 f 5.4f 10.8 10.6 - 
λmax, nm 439 437 445 447 - 
 , 103·M-1cm-1 19 16.8 19.2 16.2 - 
s singlet resonance, d doublet coupling, dd double doublet coupling, a SiTip, b SiTip2, c trans-bent angle (SiX = 90° – angle 
between Si1-Si2 vector and normale of plane defined by SiX and pending substituents), d twist angle ( = angle between 
normale of two planes each defined by one of the silicon atoms and pending substituents), e not observed, f average value. 
Reproduced from literature.[87] 
The 29Si NMR spectra of 110a-c show each two signals of equal intensity. The chemical shift 
values are as expected for tetra aryl-substituted disilene ( = 52 to 72 ppm).[32] 
29Si-NMR resonances of para-functionalised disilene derivatives 110a-c show only little 
difference to those of the phenyl-substituted species 101 (Table 1), indicating a rather weak 
influence of the para-substituent on the Si-Si -bonding. It was shown by Strohmann and 
Kaupp et al. that the effect of electronegativity of substituents on the 29Si NMR chemical 
shifts of disilenes is significant.[89] This suggests that the electronegativity of the phenyl 
substituent is almost independent from the nature of the halogen substituent. 
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Figure 11. 29Si NMR spectrum of para-bromophenyl disilene 110c exemplary for para-
functionalised disilenes 110a-c ( = 69.2 (SiPh) and 57.4 (SiTip2)). 
Also, the longest wavelength absorption in the UV/Vis spectra (λmax) is only slightly red-
shifted (Table 1) compared to that of phenyldisilene 101, but nonetheless shows a direct 
correlation with the modified Hammet parameter P+, as introduced by Brown and Okamoto 
(Figure 12).[90] Such a correlation might be useful for the prediction of HOMO-LUMO gaps 
of future derivative synthesis. However, it is common to apply different equations for 
different subsets of functional groups with similar electronic properties, which has to be 
considered.[91] 
                
Figure 12. Linear correlation between λmax of disilenes 101 and 110a-c 
[40] and the electronic 
Hammett parameter p+ of the para-substituent X (left). Linear correlation between Si=Si 
bond length and sum of trans bent angles θ Si1 + θ Si2 of disilenes 101 and 110a-c (right) 
Reproduced from literature.[87] 
In order to determine possible effects of para-substitution on the solid state structures, X-ray 
diffraction studies were carried out on single crystals of all examples 110a-c. Selected 
bonding parameters in the solid state are listed in Table 1. 
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All phenyl-substituted disilenes crystallise in monoclinic space groups (110a: P21; 110b, 
110c: P21/c; see Figure 13 for exemplary molecular structure in the solid state). The p-
fluorophenyl derivative 110a crystallises with four crystallographic independent molecules in 
the asymmetric unit which was previously observed for the case of chlorosilyldisilene 
Ph2ClSi(Tip)Si=SiTip2 (111).
[76a] The four molecules of 110a show a significant difference in 
structural features namely the trans-bent angles (Si1 = 2.8 to 8.1°) the twist-angles 2.6 
to 8.3° and the Si=Si bond lengths (d (Si1,Si2) = 2.1417(1)  to 2.1536(1) Å), which is due to 
the well-known conformational flexibility of the Si=Si bond.[32,43f,92] Conformational changes 
apparently only require energy in the extent of intermolecular crystal packing forces since 
three out of four of the independent molecules of 110a experience a rather planar 
conformation in comparison with the phenyl substituted disilene 101.[27,40] The p-chloro and 
p-bromophenyl derivatives 110b and 110c crystallise in isomorphous structures and 
experience significant trans-bent angles and Si-Si distances compared to the fluorophenyl 
derivative 110a. It is important that differences in structural properties, especially the trans-
bent angle θ, are not overstated. Power et al. has pointed out for distannynes that the 
shallowness of the potential energy surface needs be considered when discussing substituent 
effects.[27] 
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Figure 13. Molecular structure of para-bromophenyldisilene 110c in the solid state (thermal 
ellipsoids at 50 % probability). Protons are omitted and Tip groups are simplified for clarity. 
Selected bond lengths [Å] and angles [°] (estimated standard deviation): Si1-Si2 = 2.1707(5), 
Si1-C1 = 1.8686(14), Si1-C7 = 1.8723(14), Si(2)-C(37) = 1.8874(14); C1-Si1-C7 = 
111.51(6), C1-Si1-Si2 = 119.53(5), C7-Si1-Si2 = 125.87(4), C22-Si2-Si1 = 126.59(5), C37-
Si2-Si1 = 110.16(4), C37-Si2-C22 = 116.80(6). 
The bonding model developed by Carter, Goddard, Malrieu and Trinquier (CGMT model) 
predicts a weakening of the Si=Si bond with increased trans-bent angle .[19,26a,93] Karni and 
Apeloig developed a more practical approach by computational methods establishing a direct 
relation between the two observables (trans-bent angle and bond length) and the sum of the 
two singlet-triplet gaps of the constituting silylene fragments (EST).
[21] The indirectly 
implied correlation of the bond length and the sum of the trans-bent angles was qualitatively 
confirmed before but a quantitative experimental correlation has not been known prior to this 
work,[87] presumably due to various other interfering factors that reduce comparability (e.g. 
differing steric bulk). With this para-substituted phenyldisilene series at hand (101[40] and 
110a-c) all interfering factors other than the para-halogen atom are conceivably negligible 
and such a correlation can be anticipated. The R2 value of 0.9437 indicates a linear 
relationship (Figure 12)  
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3.1.3. Synthesis of 2-Fluorophenyldisilene 112 
To review the limits of selectivity of disilenide 76 towards different arylhalide functionality, 
1-iodo-2-fluoro benzene was investigated in analogy to reactions with 4-halo-1-iodobenzene 
with disilenide 76. The close proximity of the two halogen functionalities was anticipated to 
carry a possible selectivity issue to the extreme and assumingly offer additional information 
on the mechanistic details of the disilenyl transfer process. 1-Fluoro-2-iodobenzene was 
reacted with one equivalent of disilenide 76 by addition of a solution of 76 to the aryl halide 
in benzene. A straightforward substitution reaction would lead to ortho-functionalised 
disilene 112 (Scheme 45). According to 1H NMR spectroscopy multiple products were 
formed at room temperature. 
 
Scheme 45. Anticipated product from reaction of 1-fluoro-2-iodobenzene with disilenide 76. 
However, successive cooling of the reaction temperature (0 °C and −78 °C) showed a 
temperature dependence of the product distribution in favour of disilene 112. Reaction at 
−78 °C in toluene afforded 112 in overall good purity. Crystallisation from hexane gave 112 
as yellow blocks in 58 % isolated yield. 
The crude product was filtered from hexane for separation from insoluble materials and was 
crystallized from a minimum amount of hexane to afford pure 112 according to NMR 
spectroscopy. Multinuclear NMR, UV/Vis and mass spectrometry as well as X-ray diffraction 
from single crystals were carried out. The 1H NMR spectrum shows four different lowfield 
signals for the different phenyl protons in 112 at  = 7.50, 6.80, 6.61 and 6.52 ppm. 2D 1H-1H 
correlation allowed assignment of all diagnostic 1H NMR resonances.  
Observed coupling constants range from 6 to 8 Hz depending on the relative position of the 
proton to the fluorine substituent (see Chapter 5.5  for details). Additionally, the three 
inequivalent Tip substituents of the Si=Si bond show three lowfield singlets at  = 7.08, 7.06 
 
76 112 
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and 7.03 ppm. The 29Si NMR spectrum shows two signals at  = 62.9 and 57.8 ppm which are 
of expected value for a tetra aryl-substituted disilene (Figure 14). The silicon resonances 
show an unusual line broadening probably due to the coupling with the nearby fluorine 
substituent and its changing relative orientation to the Si=Si unit by rotation around the 
silicon-phenyl Si-C single bond. 
 
Figure 14. 29Si NMR spectrum of disilene 112. 
X-ray diffraction verified the assumed constitution of disilene 112 (Figure 15). The disilene 
crystallises in a monoclinic unit cell with P2(1)/c symmetry and shows two alternative 
orientations for the fluorine substituent on the phenyl moiety, pointing either towards or away 
from the double bond in an 30° angle out of the plane in opposing directions. 
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Figure 15. Molecular structure of disilene 112 in the solid state with one of the two 
alternative orientations of the fluorine substituent shown (thermal ellipsoids at 50% 
probability). Protons are omitted and Tip groups are simplified for clarity. Selected bond 
lengths [Å] and angles [°] (estimated standard deviation): Si1-Si2 = 2.1754(7), Si1-C1 = 
1.8807(19), Si1-C7 = 1.8827(17), Si2-C22 = 1.8977(19), Si2-C37 = 1.8915(18); C1-Si1-C7 = 
115.55(8), C1-Si1-Si2 = 115.14(6), C7-Si1-Si2 = 125.03(6), C22-Si2-Si1 = 127.15(6), C37-
Si2-Si1 = 116.08(6), C37-Si2-C22 = 111.94(8). 
The fluorine substituent in 112 seems to have a significant influence on the Si-Si distance. In 
comparison with the para-fluoro functionalised disilenes 112 shows a significantly longer 
bond distance (112: 2.1754(7) Å, 110a: 2.147 Å), which can be explained by the more 
effective weakening of the Si=Si bond by the closer proximity of the electron withdrawing 
functionality. Also the trans-bent angles are much more distinct in comparison to the para-
fluoro derivative and are more in the range of 4-chlorophenyl- (110b) and 4-
bromophenyldisilene (110c) ( (112): 18.76°(SiPh), 19.19°(SiTip2); see Table 1, page 87 for 
comparison to disilenes 110a-c). The Si-Si double bond experiences a torsion angle of τ = 
4.46°. 
3.1.4. Conclusion 
Disilenide 76 shows a distinct reactivity towards aromatic halides. The highest reactivity was 
observed for iodobenzene and the lowest for fluorobenzene. This tendency was exploited for 
single transfer of a disilenyl functionality to a 1,2- and 1,4-dihalobenzenes. The two halides 
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differ in all investigated examples and reacted with 76 according to the observed reactivity 
order. Para-halophenyldisilenes 110a-c (halide: F, Cl, Br) and ortho-fluorophenyldisilen 112 
were isolated. UV/Vis spectroscopy shows a substituent dependence for the λmax value in 
accordance with the Hammett parameter for the respective substituents. 
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3.2.1. Introduction 
Successive structural extension of the conjugated π-electron system in disilenes is of high 
interest in respect of semi-conducting and light harvesting organic materials. Here, efforts are 
described regarding the functionalization and manipulation of disilenes under retention of the 
Si=Si unit, such preparative tools being prerequisite for the systematic construction of 
extended unsaturated silicon systems. While extensive studies on the reactivity of disilenes 
under consumption of the Si=Si bond have been reported,[32,44,76c,94] investigations regarding 
extended π-electronic systems with more than one Si-Si double bond unit are scarce.[40,95] As 
reviewed in chapter 1.2.3, Scheschkewitz et al. reported the first phenylene-bridged 
tetrasiladiene 15 in which two Si=Si units are in conjugation via the organic linker (Scheme 
8, page 51).[40] The conjugated tetrasiladiene 15 was formed by reaction of 1,4-diiodobenzene 
with two equivalents of disilenide 76. Calculations verified the electronic communication 
between the two Si=Si units that results in a strong red shift of λmax compared to phenyl 
disilene 101 with only one Si=Si functionality (Δλmax = 74 nm). Independently, Tamao et al. 
reported a similar conjugated system 16 (Scheme 8, page 51) with considerably more bulky 
substituents shortly thereafter. In that case, tetrasiladiene 16 was synthesized by reductive 
dimerization of suitable dibromo silane precursors in a one pot reaction.[41] 
The methods presented for formation of the tetrasiladienes 15 and 16 deliver the desired 
molecules in a single preparative step for the introduction of both Si-Si double bonds. Both 
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systems are benchmark examples to illustrate the conjugation of disilene moieties via 
aromatic linking units. However, for the systematic extension of those systems different 
approaches need to be considered. 
3.2.2. Activation of para-Bromophenyldisilene 110c by Metalation 
The bromine functionality in para-bromophenyldisilene 110c offers a suitable entry point for 
further manipulations on the backbone of disilenes potentially leading to alternative 
functionality and extension of the conjugated π-electron system.[87]  
Activation of aromatic halides via metalation reactions (113, Scheme 46) followed by 
quenching with suitable electrophiles (114, Scheme 46) are well established manipulations in 
organic chemistry, but are entirely unprecedented in the presence of Si=Si moieties.  
 
 
Scheme 46. Activation of 110c by metalation with metal (M) or metalation reagents (MR) 
and subsequent reaction with electrophiles (E+). 
For the transformation of 4-bromophenyldisilene 110c into para-metalated disilenes of type 
113 in a clean, uniform and reproducible way several metalation reagents were considered 
and tested for compatibility with the Si=Si unit. Since an inherent instability of para-
metallated phenyl disilenes 113 was anticipated, they were usually quenched at low 
temperatures with the electrophile trimethylsilylchloride (Scheme 46; E = TMS) for proof-of-
principle. TMS-Cl generally reacts in nucleophilic substitution reactions in a uniform way 
under elimination of the metal chloride and also offers a convenient probe (1H, 13C, 29Si) for 
NMR analysis. 
 
110c 113 114 
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In principle, organic metalation reagents form side products in equimolar quantity during 
halogen/metal exchange with aryl halides. For example reaction of disilene 110c with n-
butyllithium (nBuLi) leads to formation of n-butylbromide (nBuBr). Application of tert-
butyllithium (tBuLi, I) leads to formation of tert-butylbromide (tBuBr, II), isobutane (III) and 
isobutene (IV) from the reaction of tBuLi (I) and tBuBr (II, at −50 °C and above) when two 
equivalents of tBuLi (I) are applied (Scheme 47).[96] 
 
Scheme 47. Formation of tBuBr II, isobutane III and isobutene IV from reaction of tBuLi I 
with aryl halides. 
Alkyl halides (nBuBr, tBuBr) as well as unsaturated side products (e.g. isobutene), formed in 
the course of the metalation reaction, can potentially interfere with the silicon double bond in 
1,2-addition reactions of bromine containing reagents and [2+2] cycloadditions with the 
sterically innocent alkene IV (see chapter 1.4 for details).  
3.2.2.1. Attempted Activation of Disilene 110c with Selected Metalation Reagents 
For the metalation of para-bromophenyldisilene 110c lithium metal, magnesium metal, nBuLi 
and tBuLi and were tested (Scheme 48). Diethyl ether and THF were tested for suitability as 
solvents to stabilize the activated disilene species by coordination of the solvent to the metal 
centre. THF was only used for reactions with magnesium due to its considerable reactivity 
towards lithiation reagents.[97] The use of dimethoxy ethane (DME) was not considered due to 
the same tendency even at low temperature (−78 °C).[98] 
For the attempted formation of a disilene Grignard reagent (115/116, Scheme 48) from 
disilene 110c, magnesium was activated prior to use by addition of small quantities of 
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Me3SiCl and 1,2-dibromoethane (see chapter 5 for details) to ensure that no passivation on 
the surface of the magnesium would hinder the reaction.[99] Two different approaches were 
investigated where disilene 110c was combined with 1.6 equivalents of magnesium in THF 
and with a mixture of 1.6 equivalents magnesium and the same molarity of LiCl in THF. 
Knochel et al. reported a higher selectivity of the Grignard species towards electrophiles 
when LiCl is present in equimolar quantities.[100]  
In both cases disilene 110c reacted with the presented reagents in a rather unselective way 
and no product could be isolated. Similar results were obtained from reactions of 110c with 
two or more equivalents of lithium metal or one equivalent nBuLi in diethyl ether at low 
temperature. All three reagents were therefore ruled out as metalation reagents (Scheme 48). 
  
Scheme 48 Attempted activation of disilene 110c with magnesium, neat (115) and in the 
presence of additional LiCl (116), lithium metal (117) and nBuLi (117). 
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116 115 
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However, as outlined in the following, tBuLi was found to be suitable for the uniform 
lithiation of disilene 110c, provided that suitable reaction conditions are applied. 
3.2.2.2. Reactivity Studies of 4-Bromophenyldisliene 110c with tert-Butyllithium 
Due to the aforementioned anticipated instability of the lithiated disilene 117, lithiation 
attempts were usually quenched with 1.05 equivalents of trimethylsilylchloride (TMS-Cl) at 
low temperature. Initial lithiation reactions with tBuLi showed a conversion rate of 80% of 
disilene 110c into the TMS substituted disilene 119 (Scheme 49) according to 1H NMR 
spectroscopy. This particular reaction was found to be a valuable entry point into 
manipulation of halogenated disilenes under retention of the double bond and was thus 
investigated extensively during these studies.  
 
Scheme 49. Lithiation of disilene 110c with tert-butyllithium and successive reaction with 
TMS-Cl.  
The most crucial parameters for lithiation of 110c with tBuLi are discussed in the following 
paragraphs. Precise reaction conditions were found to be essential for selective product 
formation and were optimized thoroughly (Table 2). Product purity was determined in 
relation to the protonation product of 117, phenyl disilene 101[40], which was found to be the 
major side product in all cases. 
 
110c 117 
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Table 2. List of investigated conditions for lithiation of disilene 110c. Reactions were 
repeated at least two times to assure informative value (average value provided). R = entry 
number; T-tBuLi = temperature during addition of tBuLi; R-tBuLi = addition rate of tBuLi 
fast (+), dropwise (−); T = reaction temperature after addition of tBuLi; t1 = reaction time 
before warming to −50 °C; t2 = time for warming process; t3 = time reaction is held at −50 (or 
above); SA = solvent amount; Purity = average (av.) purity [%] of disilene 119 in % judged 
by 1H NMR compared to the amount of disilene 101 found in the reaction mixture, 
*application of tBuLi without prior purification. 
R 
[#] 
T-tBuLi 
[°C] 
R-tBuLi T[°C] t1[min] t2[min] t3[min] 
SA 
[mL/g] 
av. Purity 
[%] 
1 −70 + −78 60 30 30 10 74 
2 −80 + −78 60 30 30 10 77 
3 −100 + −78 60 30 30 10 81 
4 −100 + −78 360 - - 10 50 
5 −100 − −78 60 30 30 10 78 
6* −100 + −78 60 30 30 10 65 
7 −100 + −78 30 30 30 10 70 
8 −100 + −78 120 30 30 10 82 
9 −100 + −78 240 30 30 10 75 
10 −100 + −78 60 60 60 10 70 
11 −100 + −78 60 120 - 10 60 
12 −100 + −78 60 15 15 10 95 
13 −100 + −78 60 15 15 5 90 
14 −100 + −78 60 15 15 25 89 
 
Solvent amount (SA), addition rate of tBuLi (R-tBuLi), addition temperature for tBuLi (T-
tBuLi), reaction time before warming to −50 °C (t1), time for the warming process to −50 °C 
(t2) and the time −50 °C is maintained (t3), were studied separately where possible. 
The concentration of the para-lithiated disilene 117 in diethyl ether influences product purity. 
Application of copious amounts of solvent (>25 mL/g) or too little solvent (< 5 mL/g) support 
formation of side product judged from 1H NMR spectroscopy (see Table 2, entry 13 and 14). 
Low concentration could possibly thwart completion of the halogen metal exchange in a 
reasonable time frame. High concentration on the other hand could lead to side reaction 
simply for reasons of higher availability of reagent and side products from the lithiation 
reaction (e.g. tBuBr). In principle, the elimination reaction of LiBr from tBuBr could also 
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proceed with lithiated disilene 117 acting as a base and thus reduce the product yield under 
formation of protonated phenyl disilene 101 (Scheme 50). Best results were found with 
concentrations of about 10 mL diethyl ether per gram of starting material 110c. 
  
 
Scheme 50. Suggested mechanism for the formation of phenyl disilene 101 from para-
lithiophenyldisilene 117 and tBuBr (II) in a competitive reaction with tBuLi (I) under 
elimination of isobutene (IV) and isobutane (III). 
The lithiated 117 might also react with the Si=Si unit of another disilene 117 in a 1,2-addition 
reaction (Scheme 51) even though reactivity studies of phenyllithium towards disilenes have 
not been reported yet. However, the addition of MeLi to an unsymmetrically substituted 
disilene was described by Sekiguchi et al. in 2003.[101] 
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Scheme 51. Hypothetical 1,2-addition reaction of two molecules of lithiated disilene 117. 
Addition rate of tBuLi to the reaction has some influence to the reaction outcome. Dropwise 
addition (5 min) and fast addition (5-15 sec.) were tested. Fast addition was found to be 
beneficial for uniform product formation but the difference was of rather small significance 
(~ 3 %, see Table 2, entry 3 and 5). Much more important than the addition rate is the 
reagents purity and amount added to the reaction (up to 16 % difference; see Table 2, entry 3 
and 6). tBuLi is a highly reactive species which needs to be stored at low temperatures as a 
hexane solution for stability reasons. Nevertheless, slow decomposition of tBuLi at low 
temperature by β-hydride elimination of lithium hydride and formation of isobutene (Scheme 
52) changes slowly concentration and purity of the reagent solution.[96] 
 
Scheme 52. Elimination reaction of tBuLi (I) under formation of LiH and isobutene (IV). 
As a general precaution, all commercial batches of tBuLi were first purified by passing the 
solution through a glass fiber filter paper, mounted onto a metal cannula, in order to remove 
any insoluble parts. Subsequent titration provided the precise concentration of the reagent. 
This process has to be repeated every 6-8 weeks to assure reproducible results of the 
preparative experiments. 
Temperature during addition of tBuLi was varied between −78 °C and −100 °C followed by 
thawing to −78 °C where applicable (see Table 2, entry 1, 2 and 3). This temperature was 
maintained for the lithiation reaction. The most selective reactions were found for addition of 
117 117 118 
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tBuLi at −100 °C (see Table 2, entry 3). The initial reaction time until the first warming 
period to −50 °C was measured from the point of addition of tBuLi. Reactions times were 
varied between one and four hours to determine the optimal compromise between full 
conversion to para-lithiated phenyldisilene 117 and its beginning decomposition/protonation 
to 101. It was found that one to two hours reaction time was adequate for almost complete 
lithiation (see Table 2, entry 3, 7, 8 and 9). Longer reaction times led to formation of more 
side products, probably due to either starting decomposition of the lithiated species 117, the 
reaction between individual molecules of 117 and/or the interaction of lithiation reagent side 
products and 117 as mentioned before. Shorter reaction times assumingly lead to incomplete 
lithiation judged by the low yield of disilene 119 according to 1H NMR analysis (see Table 2, 
entry 5 and 7). 
The most crucial phase during the whole lithiation process was found to be the warming to 
−50 °C and cooling back to −90 °C for the elimination of tBuBr, which on the basis of 
literature reports[102] is likely formed as side product during lithiation of para-bromophenyl 
disilene 110c (Scheme 47). When the temperature is held much lower than −50 °C the 
anticipated elimination reaction seems to be incomplete. Higher reaction temperatures (> −50 
°C) and prolonged reaction times seem to favor decomposition of the lithiated species. 
Controlled thawing of up to two hours and keeping at −50 °C up to 60 min were investigated 
separately in multiple reactions and found to follow the simple concept of “the shorter the 
better” (see Table 2, entry 3, 10, 11 and 12). In fact, changing reaction temperature from −78 
°C to −50 °C in 10-15 min and maintaining temperature at −50 °C for another 10-15 min 
showed the best results in terms of product purity (see Table 2, entry 12). Despite the short 
warming phase during lithiathion, it was found that omitting the process was rather leading to 
a significant drop in yield (see Table 2, entry 4). During all tests the electrophile TMS-Cl was 
added rapidly by syringe directly to the lithiated species 117 at −90 °C.  
In conclusion, reaction of 110c with two equivalents of tBuLi in diethyl ether (fast addition at 
−100 °C) at −78 °C with intermediate warming to −50 °C after 1-2 h (within 10-15 min and 
maintaining temperature for another 10-15 min), to enable elimination of side products from 
lithiation reaction, showed the best outcome for formation of the intermediate species 117 
(entry 12 in Table 2).  
The respective electrophile should be added at −90 °C in a way that allows fast distribution of 
the reagent in the reaction mixture. Some electrophiles precipitate upon addition to low 
temperature reaction mixtures. Mixing of the reagent with a small amount of a suitable 
solvent prior to application can help to solve this issue. 
104 
 
Optimization of the reaction conditions increased the conversion rate to > 95 % without any 
detectable residual starting material 110c. The result from the numerous test reactions was 
used as a basis for all further reactions of para-lithiophenyldisilene 117 with different 
electrophiles. 
3.2.2.3. Analysis of the Intermediate 4-Lithiophenyldisilene 117 
Although the lithiated disilene 117 is thermally unstable, NMR analysis at low temperature (–
70 °C) was accomplished. Removal of the solvent from the reaction mixture at –50 °C under 
reduced pressure at room temperature yielded 4-lithiophenyldisilene 117 in good purity 
according to 1H NMR. Separation from insoluble material was prohibited by the instability of 
117 in non-polar solvents. Stability of 117 is increased in the solid state and enabled 
preparation of a NMR sample at ambient temperature which was then dissolved in d8-THF at 
–80 °C to a brown-red solution. Deuterated toluene is not applicable for NMR analysis since 
stabilization of 117 is not sufficiently provided. 
NMR spectroscopy was carried out at −70 °C. The 1H NMR spectrum of 117 shows a broad 
signal for the phenyl substituent at  = 7.71 ppm, relatively lowfield compared to neutral 
para-substituted disilene derivatives discussed in this thesis (Chapter 3.1.2, 3.1.3, 3.2.3, 3.5.2, 
3.6.2, 3.6.3, 3.4.6, 3.7 and 3.7.8;  = 6.75 to 7.48 ppm). As Parker et al.[103] and others 
pointed out the expected coupling constants for lithiated aryl species differs only little (Δ3J 
=1-2 Hz) from the neutral derivatives (3J = 6 to 8 Hz). Therefore the broad doublet like 
appearance of the signal at at  = 7.71 ppm can possibly be attributed to a coalescence 
phenomenon of typical oligomer aryllithium species present. 2D 29Si-1H NMR correlation 
showed the adjacency of a silicon atom to protons which show resonance at  = 6.88 ppm 
(Figure 16). Integration of the Tip signals at  = 7.06, 6.98 and 6.88 show a relative intensity 
of 4:1 compared to the doublet-like signal at 7.71 Hz. This indicates the presence of a second 
phenyl related signal below the resonances of the Tip groups supposedly the ortho-phenyl 
protons of 117. 
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Figure 16. 2D 29Si-1H NMR spectrum of 4-lithiophenyldisilene 117 in d8-THF at −70 °C. 
Coupling of the ortho-proton with SiPh is marked with red lines. 
The 29Si NMR spectrum shows two signals of which one is split into two smaller resonances 
at  = 46.6 and 45.8 ppm. The other signal is at  = 77.1 ppm which is lowfield-shifted by 
about 6 ppm compared to neutral phenyl disilene species discussed in this thesis. 
Additionally, the SiTip2-silicon atom is highfield-shifted by about 10 ppm compared to the 
starting material 4-bromophenyl disilene 110c. The broad 29Si NMR spectroscopy resonances 
indicate more than one disilene species with similar chemical properties, probably 
representing the mentioned range of oligomeric structures of the lithiated 117 as 
comprehensively summarised by Lerner in 2005 (Figure 17).[104] No saturated species with 
highfield resonances were visible. 7Li NMR spectroscopy shows a single resonance at 0.48 
ppm, which is at the lower end of phenyllithium derivatives but still in good agreement with 
literature values ( = 0.76 to 0.50 ppm).[103] 
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Figure 17. 29Si NMR spectrum of disilene 117 at –70 °C. 
Attempts to isolate 117 as a single crystal failed. Non-specific decomposition occurs in 
solution very quickly even at −40 °C yielding several undefined saturated silicon products. 
3.2.3. Analysis of (4-Trimethylsilyl)phenyldisilene 119 
From the lithiation investigations on disilene 110c discussed in chapter 3.2.2.2, para-
trimethylsilylphenyl disilene 119 was isolated as quenching product by crystallization from a 
concentrated hexane solution and characterized by NMR, UV/Vis spectroscopy and X-ray 
diffraction from single crystals. Similar to the findings for para-halogenated phenyldisilenes, 
110a-c (chapter 3.1.2), the 1H NMR spectrum of disilene 119 shows two lowfield doublet 
signals at  = 7.41 and 7.07 ppm which are diagnostic for the ortho- and meta-protons of the 
phenyl moiety alongside three singlet signals at  = 7.14, 7.09 and 7.05 ppm for the three 
individual Tip substituents in 119. Disilene 119 shows the same proton coupling constants of 
the phenyl linker (3J = 8 Hz) as disilenes 110a-c as well as all other neutral phenyl substituted 
disilenes discussed in the following chapters. The 29Si NMR spectrum shows three signals at 
 = 71.5, 56.5 and −4.6 ppm. The two lowfield shifted signals are in the typical range for 
three-coordinate silicon atoms in aryl-substituted disilenes as documented in numerous 
examples in this thesis and from reported examples in the literature.[40,44] The signal at  = 
−4.5 ppm appears where expected for a trimethylsilyl group and was verified to be part of the 
same molecular scaffold as the lowfield-shifted signals of the Si=Si functionality: 2D 29Si-1H 
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NMR spectroscopy shows correlation of the phenyl proton signals with signals of both silicon 
containing moieties (SiMe3 and Si=Si).  
UV/Vis spectroscopy shows a maximum absorption wavelength at 445 nm, which is in 
agreement with other asymmetrically substituted neutral disilenes discussed in this thesis (see 
Table 3, page 142) or in literature.[10,40-41,44,48,76d,87,105] 
 
Figure 18. Structure of disilene 119 in the solid state (thermal ellipsoids at 30% probability). 
Protons are omitted and Tip groups are simplified for clarity. Selected bond lengths [Å] and 
angles [°] (estimated standard deviation): Si1-Si2 = 2.140(8), Si1-C1 = 1.889(2), Si1-C16 = 
1.890(2), Si2-C31 = 1.870(2), Si2-C46 = 1.863(2), Si3-C49 = 1.852(3); C1-Si1-Si2 = 
120.63(8), C16-Si1-Si2 = 121.37(7), C1-Si1-C16 = 117.65(10), C31-Si2-Si1 = 125.42(7), 
C46-Si2-Si1 = 120.49(7), C46-Si2-C31 = 113.35(10). 
X-ray diffraction verified the constitution of 119 to be the anticipated para-
trimethylsilyphenyl substituted disilene (Figure 18). The Si1-Si2 double bond in 119 is of 
typical length for aromatic substituted disilenes (2.140(8) Å; lit. 2.140 to 2.229 Å).[106] All 
silicon carbon bond distances are in good agreement with other aryl substituted disilene 
values (Si1-C1 = 1.889(2) Å, Si1-C16 = 1.890(2) Å, Si2-C31 = 1.870(2) Å, Si2-C46 = 
1.863(2) Å; lit. 1.851 to 1.890 Å).[106] The deformational conformations namely twist (τ) and 
trans-bent (θ) angles are τ = 2.3°, θSi1 = 5.76° and θSi2 = 8.01° and are of rather modest 
magnitude. 
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3.2.4. Conclusion 
Para-bromophenyldisilene 110c was investigated in metalation reactions with lithium and 
magnesium metal as well as with nBuLi and tBuLi in ethereal solvents. tBuLi was found to be 
suitable for activation of the 4-bromo position in 110c and reaction conditions were studied in 
detail. TMS-Cl was applied as a test electrophile and the according intermediate 4-
lithiophenyldisilene 117 as well as the quenching product 119 could be characterised by 
NMR spectroscopic means. 117 was found to be of instable nature at elevated temperature. 
However diagnostic spectra could be obtained at low temperature. The almost quantitatively 
formed TMS substituted disilene 119 was fully analysed as the first known example of 
functionality transformation in the periphery of the Si-Si double bond.   
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3.3.1. Introduction 
The surprisingly clean transformation of para-bromophenyldisilene 110c to para-
(trimethylsilyl)phenyldisilene 119 justified further investigations regarding introduction of 
functionality to the disilene 110c. Silicon tetrachloride (SiCl4), offers interesting options 
regarding electrophilic substitution reactions. In principle four different degrees of 
substitution are plausible with SiCl4, replacing up to four chlorines on the halo silane with the 
nucleophilic para-lithiophenyldisilene 117. 
This manipulation would lead to new disilene functionality containing species 120, 121, 122 
and 123 (Scheme 53). The partially substituted derivatives 120, 121, 122 would offer residual 
functionality for further stepwise manipulation and conceivable extension of the conjugated 
π-electron system (120 and 121). 
 
Scheme 53. Different unsaturated target molecules (120, 121, 122 and 123) via reaction of 
para-lithiated 117 with appropriate amounts of SiCl4. 
 
120 n = 1 
121 n = 2 
122 n = 3 
123 n = 4 
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Dichloro silanes are known as suitable precursors for disilene formation by reductive 
dimerization of the dichlorosilyl moieties (chapter 1.3.4). Successful reaction of the 
intermediate disilene 117 with adequate amounts of SiCl4 (Scheme 53) or reaction with one 
equivalent of TipSiCl3 96 (Scheme 54) was anticipated to afford disilenylphenyl substituted 
dichlorosilanes 121 and 124 (chapter 3.3.3).  
 
Scheme 54. Formation of a disilenyl substituted dichlorosilane 124 from 117 and the 
trichlorosilane TipSiCl3 96. 
Dimerization of the same via reductive coupling of the dichlorosilylene moieties would lead 
to conjugated systems with more than two Si-Si double bonds and also present unprecedented 
formation of a disilene moiety in the presence of already existing Si=Si units. 
3.3.2. Synthesis of 4-Trichlorosilylphenyldisilene 120 
Formation of disilene 120 was accomplished by fast addition of an excess of SiCl4 to the 
para-lithiated phenyldisilene 117 in diethyl ether at low temperature (Scheme 55) in analogy 
to the detailed discussion about disilene 119 (chapter 3.2.2.2.). Reactions with the precise 
stoichiometry required (one equivalent of SiCl4) were not considered since twofold 
substitution reaction to tetrasiladiene 121 next to the mono substitution product disilene 120 
was anticipated to be a considerable issue. 
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Scheme 55. Electrophilic substitution reaction of lithiated disilene 117 with excess SiCl4. 
According to 1H NMR spectroscopy up to 80% conversion of disilene 110c into disilene 120 
occurred. The 1H NMR spectrum shows diagnostic lowfield doublet signals at  = 7.31 and 
7.18 ppm for the protons of the aryl substituent next to three singlet signals at  = 7.13, 7.09 
and 7.04 ppm which can be assigned to the three different Tip groups of the desired disilene 
120. 
 
Figure 19. 29Si NMR spectrum from reaction of excess SiCl4 with para-lithiophenyldisilene 
117. 
29Si NMR spectroscopy shows signals at  = 67.3 and 62.1 ppm which are of typical chemical 
shift for asymmetrically substituted aryl disilenes (Figure 19).[40,44,105b] The silicon resonance 
at  = −1.0 ppm for the introduced SiCl3 substituent in para-position shows an expected 
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chemical shift for aromatic trichloro silanes.[107] The three silicon atoms corresponding to 
these signals belong to the same molecule as was verified by 2D 29Si-1H NMR correlation. 
The absence of any other signals in the typical region for unsaturated silicon atoms of 
disilenes allowed basic UV/Vis analysis of the crude product. Although UV data of mixtures 
has to be handled with care, analysis gives at least an idea about the HOMO-LUMO gap in 
the disilene. The maximum absorption wavelength was found to be at 445 nm which is in the 
expected region for disilenes discussed in this thesis (see Table 3, page 142 for examples) or 
in literature.[10,41,44,48,76d,87,105a,105b] Further NMR and UV/Vis analysis of the product will be 
presented in chapter 3.4.6 together with results from reactions with other chlorosilanes.  
Although crystals of the main product, disilene 120, could not be obtained even from very 
concentrated hexane solutions, single crystals of the side product with 29Si NMR signals at  
= −3.1, −12.0 and −19.4 ppm (Figure 19) were isolated and analysed by X-ray diffraction. 
The side product was identified as the perchlorinated dichlorodisilane derivative 125, 
presumably resulting from reaction of disilene 120 with excess SiCl4 as a chlorinating agent 
(Figure 20). Disilane 125 shows the same para-SiCl3 functionalization as expected for 
disilene 120. Instead of a silicon double bond each silicon of the former double bond bears an 
additional chlorine atom in 125.  
 
Figure 20. Molecular structure of para-trichlorosilylphenyl dichlorodisilane 125 in the solid 
state (thermal ellipsoids at 30% probability). Protons are omitted and Tip groups are 
simplified for clarity.  
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Strong distortion in the crystal packing and the resulting high R value for the calculated 
geometries prevent reliable interpretation of bonding parameters. However, the quality of the 
data unambiguously confirmed the constitution of 125. Apparently, excess SiCl4 transfers 
chlorine onto the Si-Si double bond of 120 depite low reaction temperature and short reaction 
times (Scheme 56). Shorter reaction times lead to incomplete reactions and more complex 
product mixtures. 
 
Scheme 56. Chlorination of the Si=Si bond with SiCl4 during formation of 120 leading to 
disilane 125. 
3.3.3. Reaction of Disilene 117 with 0.5 Equivalents of SiCl4 
Potential twofold substitution reaction of SiCl4 with para-lithiophenyl disilene 117 was 
investigated by addition of 0.5 equivalents of SiCl4 to the intermediate species 117 at low 
temperature (Scheme 57) in analogy to the reaction of 117 with excess SiCl4. It was 
anticipated that the corresponding disubstitution product 121 would be formed. 
 
Scheme 57. Purposed reaction of intermediate disilene 117 with half an equivalent of SiCl4 to 
tetrasiladiene 121. 
 
 
120 125 
117 121 
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The 1H NMR spectrum from the reaction mixture shows a major product with diagnostic 
doublet signals at  = 7.32 and 7.25 ppm for the ortho- and meta-protons of the phenyl 
substituents next to three singlet signals for the three different Tip substituents at  = 7.12, 
7.08 and 7.04 ppm. 29Si NMR spectroscopy shows three major signals (Figure 21) which 
were assigned to 121. A diagnostic resonance for a dichloro-diphenylsilane[107] at  = 5.5 ppm 
and two major signals with an typical chemical shift for a Si-Si double bond at  = 68.7 and 
60.1 ppm.  
 
Figure 21. 29Si NMR spectrum from reaction of disilene 117 with 0.5 equivalents if SiCl4. 
Twofold- (121 - red) and threefold (122 - blue) substitution product as well as phenyldisilene 
101 (yellow). 
Additionally, the 29Si NMR spectrum shows signals which were assigned to the threefold 
substitution product 122 ( = 70.0, 58.3 and 0.5 ppm, see chapter 3.3.5, page 117) as well as a 
smaller amount of non-functionalised phenyl disilene 101 ( = 71.6 and 55.1 ppm).[40] The 
presence of 101 raises questions about the nature of the processes during transformation of 
disilene 110c into tetrasiladiene 121. Possible contamination of SiCl4 by HCl was ruled out 
by its prior distillation from magnesium powder and formation of 122. The almost 
quantitative formation of 4-lithiophenyldisilene 119 discussed in chapter 3.2.3 indicates that 
basically no starting material (110c) is left prior to addition of the chlorosilane. The formation 
of hexasilatriene 122 in significant amounts next to the desired tetrasiladiene 121 is evidence 
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for the rather unhindered reaction of 121 with 117. Therefore, within the given parameters 
(time, temperature), 117 is expected to react with the given chlorosilane derivatives present 
during reaction rather than to decompose to phenyl disilene 101. 
Despite the reasonable purity of the crude product, crystals of 121 could not be obtained from 
a range of different solvents including hexane, pentane, benzene, diethyl ether and 
fluorobenzene. UV/Vis spectroscopy was assumed to give a reliable λmax value of 121 on the 
basis of its predominance in the product mixture. Indeed, a maximum absorption wavelength 
of 463 nm could be determined, which is of similar value to the dichlorophenyl disilene 124 
(see chapter 3.3.4) and can neither be attributed to phenyl disilene 101 (439 nm) or the trifold 
substitution product 122 (472 nm) which will be discussed in chapter 3.3.5. The twofold 
substitution product, tetrasiladiene 121, was also synthesised via a different synthetic route 
discussed in chapter 3.4.2.2. The spectroscopic evidence and the convergent synthesis of 121 
by two different synthetic strategies are strong indications for the suggested constitution of 
the bis(disilenylphenyl)-substituted dichlorosilane. 
3.3.4. Synthesis of Dichlorosilyl-Tip-phenydisilene 124 
As additional sterically demanding spectator substituent the usual Tip group was chosen 
for the sake of a uniform substitution pattern. To this end, the equimolar reaction of 
freshly prepared para-lithiophenyldisilene 117 with trichlorosilane TipSiCl3 (96,  
Scheme 58) was investigated. The steric congestion of the inert substituent (Tip) should 
support reactivity distinction between mono- and disubstitution at the chlorosilane centre. 
This effect is known from several reactions where steric demand controls the substitution 
degree on a chlorosilane moiety. For example the formation of Tip2SiCl2 30 from TipLi 126 
and SiCl4 stops selectively after twofold substitution even with an excess of 126 due to the 
steric congestion around the Si centre.[108] 
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Scheme 58. Formation of dichlorosilylphenyl disilene 124 from TipSiCl3 96 and disilene 117. 
Indeed, reaction of para-lithiophenyl disilene 117 with TipSiCl3 96 at low temperature 
afforded the mono substitution product 124 in 94 % purity judged by 1H NMR spectroscopy. 
The dropwise addition of trichlorosilane 96 to the cold (−78 °C) solution of para-lithiophenyl 
disilene 117 seems not to raise issues regarding a selective reaction of an initial excess of 117 
in the reaction mixture. 
Instead of crystal formation, 124 precipitated from solution of various solvents (hexane, 
pentane, benzene, diethyl ether or fluorobenzene), which were employed to successively 
increase product purity (94 % → 97 %). 
1H NMR spectroscopy shows four singlet lowfield resonances for the three Tip groups on the 
disilene moiety as well as for the additional Tip group located at the bridging dichlorosilylene 
moiety ( = 7.16, 7.15, 7.10 and 7.06 ppm; assigned by 2D 29Si-1H NMR correlation). Two 
diagnostic lowfield doublet signals at  = 7.39 and 7.30 ppm can be assigned to the phenylene 
linker. 29Si NMR spectroscopy confirmed the intact Si-Si double bond with resonances at  = 
68.6 and 60.1 ppm typical for unsymmetrical disilenes.[40,44,105b] The chemical shift value of 
the SiCl2 unit is in the expected range for aromatic dichloro silanes ( = 3.4 ppm).
[107] UV/Vis 
spectroscopy shows a maximum absorption wavelength at 462 nm, a typical value for the -
* transition of a Si=Si bond (further discussion of spectroscopic data in chapter 3.4.6).[10,40-
41,44,48,76d,87,105a,105b] 
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3.3.5. Synthesis of Tris(4-disilenylphenyl)chlorosilane 122 
Threefold substitution of SiCl4 with para-lithiophenyl disilene 117 was carried out with ⅓ 
equivalent of SiCl4 (Scheme 59) in analogy to the reactions discussed in the previous 
chapters.  
 
Scheme 59. Formation of tris(disilenylphenyl)-chlorosilane 122 from 117 with 0.33 eq SiCl4. 
According to multinuclear NMR spectroscopy a single product (122) was formed with only 
minor contamination by impurities. The 1H NMR spectrum shows the two diagnostic lowfield 
doublet signals for the phenyl protons at  = 7.34 and 7.24 ppm. 29Si NMR spectroscopy 
shows lowfield signals at  = 70.0 and 58.4 ppm, which are of usual value for aryl substituted 
Si=Si moieties, as well as a signal at  = 0.5 ppm, which is in good agreement with the 
tetracoordinate silicon centre of a triphenylchlorosilane (Figure 22).[40,44,105b,107] 2D 29Si-1H 
correlation verified that all three signals belong to the same molecular scaffold. 
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Figure 22. 29Si NMR spectrum of tris(4-disilenylphenyl)-chlorosilane 122. 
UV/Vis spectroscopy shows a maximum absorption wavelength of 472 nm which is the λmax 
value with the strongest bathochromic shift in this series of Si=Si unit containing derivatives 
(further discussion of spectroscopic data in chapter 3.4.6). 
The threefold substitution product 122 was also synthesised via a different route discussed in 
chapter 3.4.3. The convergent synthesis of 122 gave further corroboration for the identity of 
the hexasilatriene in the absence of an X-ray diffraction study of the solid state structure. 
3.3.6. Reaction of in situ Generated Disilene 117 with 0.25 Equivalents SiCl4 
Reaction of para-lithiophenyldisilene 117 with ¼ equivalents of SiCl4 could in principle lead 
to fourfold substitution (123, Scheme 60).  
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Scheme 60. Reaction of intermediate disilene 117 with 0.25 equivalents of SiCl4. 
However, reaction of appropriate amounts of SiCl4 with 117 did not yield a uniform product 
as shown by 29Si NMR spectroscopy. The spectrum (Figure 23) exhibits two sets of lowfield 
signals with similar intensity that can be attributed to two different species with Si-Si double 
bonds (70.0 ppm / 58.4 ppm for 122 - threefold sub.; 71.0 ppm / 56.8 ppm for 123 - fourfold 
sub.). Additionally, two highfield shifted signals are visible with typical values for triphenyl-
chlorosilanes and tetraphenylsilanes (−2.1 ppm for 122; −14.4 ppm for 123).[107] Since the 
relative concentrations of the threefold- (122) and fourfold (123) substitution products were 
of similar magnitude, UV/Vis spectroscopy was not considered for analysis. However, 
fourfold substitution was achieved by a different synthetic strategy where tetrakis(4-
bromophenyl) silane is reacted with four equivalents of disilenide 76 (see chapter 3.4.5.2). 
The UV/Vis absorption of 123 was determined from a crystalline sample obtained via the 
alternative approach and will be discussed in chapter 3.4.6 together with spectroscopic data of 
related systems. 
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Figure 23. 29Si NMR spectrum from attempted fourfold substitution of disilene 117 with 0.25 
equivalents SiCl4. Signals of threefold substitution product 122 (green) and desired four fold 
substitution product 123 (blue). 
Extended reaction times of more than 24 h at −60 °C did not result in appreciably higher 
conversion to the targeted fourfold substitution product, 123. Due to the instability of the 
para-lithiated phenyl disilene 117 the application of higher reaction temperatures is not 
possible. On the other hand, low temperatures seem to slow down the last substitution step to 
an extent that decomposition of 117 becomes significant. 
3.3.7. Conclusion 
Para-bromophenyldisilene 110c was successfully activated with tBuLi at the bromine 
position for nucleophilic substitution reactions and was investigated in multiple reactions with 
SiCl4 and TipSiCl3 96 as electrophilic reagents. The intermediate 4-lithiophenyldisilene 117 
is of limited stability, but can be analysed by NMR-spectroscopy at low temperatures. The 
reaction with SiCl4 reveals a preference for threefold substitution with para-disilenylphenyl 
groups. Attempts of twofold substitution (121) only gave samples significantly contaminated 
with the threefold substitution product (122). Fourfold substitution (123) trials led to 
incomplete conversion in the final substitution step (122). Mono substitution is possible using 
an excess of SiCl4, but at the expense of minor contamination with a side product in which 
the Si=Si bond has been chlorinated by residual SiCl4 (125). 
29Si NMR- and UV/Vis 
121 
 
spectroscopy of all products discussed in this chapter show typical values for disilenes. 
Further spectroscopic evidence will be discussed cumulatively in chapter 3.4.6. 
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3.4.1. Introduction 
The results described in chapter 3.3 show that not all substitution reactions of the unstable 4-
lithiophenyldisilene 117 with SiCl4 and other electrophiles proceed as selective as desired. 
Therefore a different approach was required to obtain para-disilenylphenyl silanes, 121, 122, 
123 and 124 in pure form. Investigations regarding selectivity and reactivity of different 
disilenides when more than one functional group is present for reaction were not discussed 
prior to this work. However, the observed reactivity trend of disilenide 76 with different aryl 
halides[87] (I>Br>>Cl>>F, chapter 3.1.2) prompted investigations regarding an alternative 
route to the para-disilenyl functionalised silanes 121, 122, 123 and 124 introduced in chapter 
3.3. In principle, the target disilenylphenyl substituted silanes should also be accessible by 
reaction of phenylchlorosilanes 128, 129, 130 and 131 (Scheme 61) with the required 
equivalents of disilenide 76. 
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Scheme 61. Investigated chlorosilanes 128, 129, 130 and 131 for selective reaction with 
disilenide 76.  
An assumed distinction in reactivity of disilenide 76 towards different functional groups – in 
this case arylbromide vs. chlorosilane functionality was anticipated to provide the desired 
para-disilenylphenyl chlorosilanes via preferential reaction at the bromine position. A general 
reactivity of disilenide 76 towards chlorosilanes has been reported (chapter 1.4), but had not 
been investigated in the presence of additional functional groups.[76a,77,82,109]  
Introduction of disilenide 76 in a final step rather than at the beginning of a multistep 
synthesis would allow the assembly of the target molecules’ backbones without the need for 
sophisticated working techniques under permanently inert conditions. The lower molecular 
weight and higher polarity of the precursors (Scheme 61) compared to the final disilenyl 
substituted silanes play a vital role since purification methods such as sublimation, column 
chromatography and crystallisation are limited by molecular weight, stability, polarity and 
solubility. Also the use of the unstable lithiated disilene species 117 or hazardous reagents 
such as tBuLi would not be required. 
In detail, bis(4-bromophenyl)dichlorosilane 128[110], tris(4-bromophenyl)chloro silane 
130[111], tetrakis(4-bromophenyl)silane 131[111] and (4-bromophenyl)-(2,4,6-
triisopropylphenyl)-dichlorosilane 129 (Scheme 61) and also the chlorine free tris(4-
bromophenyl) silane 132[111] were synthesised according to modified literature procedures 
and tested for their suitability for substitution reactions with the required number of 
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equivalents of disilenide 76. Triphenylsilane 132 was included in order to elucidate the 
influence of the silicon-bonded chlorine substituent on the optical properties of the products. 
Furthermore, the synthesis of extended Si=Si systems, 121, 122, 123 and 124 via a second 
independent chemical transformation (see chapter 3.3 for comparison) would provide 
sufficient proof of constitution where X-ray diffraction of the desired products was not 
possible.  
Reaction of 4-bromophenyl-trichlorosilane with one equivalent of disilenide 76 was not 
investigated due to the unselective reaction observed for disilenide 76 with bis(4-
bromophenyl)dichlorosilane 128 (see chapter 3.4.2.2, page 128). The comparatively small 
steric strain on the chlorosilane centre in 4-bromophenyl-trichlorosilane should lead to even 
more side reactions and hence prevent uniform formation of the targeted disilene 120. 
UV/Vis spectroscopy, where applicable, will be discussed in chapter 3.4.6 in context with all 
para-disilenylphenyl functionalised silanes prepared. 
3.4.2. Reactions of Bis(4-bromophenyl)dichlorosilane 128[110] and (2,4,6-
Triisopropylphenyl)-(4-bromophenyl)-dichlorosilane 129 with 
Disilenide 76 
3.4.2.1. Synthesis of Dichlorosilane Precursors 128 and 129 
Dichlorosilane precursors 128 and 129 (Scheme 62) were prepared by a modified literature 
procedure by lithiation of 1-bromo-4-iodobenzene 5 with one equivalent nBuLi in pentane at 
room temperature and subsequent reaction with 0.5 equivalents SiCl4 or one equivalent 
TipSiCl3 96, respectively.
[111] Temperature was held at −80 °C during addition of the 
chlorosilane reagents to increase selectivity of SiCl4 towards the lithiated species 127. 
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Scheme 62. Step wise formation of the dichlorosilanes 128 and 129 from 1-bromo-4-iodo 
benzene. 
Initially, the reaction of 127 with SiCl4 was carried out with a ratio of reactants of 2:1 in the 
absence of coordinating solvent.  
Dichlorosilane 128 was obtained (yield 64 %) in a mixture with a side product that was 
identified as the threefold substitution product 130 by comparison to 1H and 29Si NMR 
spectroscopic data (chapter 3.4.3).[107,111] The product 128 was purified by sublimation under 
reduced pressure (2.2x10−2 mbar, 70 °C) and was analysed by multinuclear NMR 
spectroscopy, elemental analysis and single crystal X-ray diffraction.  
In order to increase the yield of 128, it was investigated how the reactivity of 127 changes in 
the presence of a coordinating reagent as TMEDA (N, N, N’, N’-tetrametylethylenediamine).  
The lithiated bromobenzene 127 was reacted with 0.5 equivalents of SiCl4 at low temperature 
(−80 °C) in the presence of two equivalents TMEDA. In contrast to expectations large 
amounts of 1-bromo-trichlorosilylbenzene (60 %) and smaller amounts of threefold 
substitution product (130; 27 %) was formed next to dichlorosilane 128 (13 %). As expected 
the activation of 127 increased reactivity significantly, but did not increase the yield of 128 
despite the low reaction temperature. 
Dichlorosilane 128 is literature known since the 1950s.[112] However, the incomplete NMR 
analysis provided and other missing spectroscopic information demanded the characterisation 
by state-of-the-art techniques. On a 300 MHz spectrometer, the chemically inequivalent 
protons of the phenyl moiety have isochronous signals as they appear as one singlet 
resonance at  = 7.18 ppm in the 1H NMR spectrum. 29Si NMR spectroscopy shows a singlet 
 
127 
129 
128 130 
96 
126 
 
signal at  = 5.7 ppm in the expected range for a dichlorosilane.[107] 13C NMR spectroscopy 
shows four signals for the four different carbon atoms in 128 at  = 135.75, 131.97, 130.42 
and 127.61 ppm thus confirming the assumption of coincidental identical chemical shift in the 
1H NMR. Additionally, X-ray diffraction on single crystals confirmed the constitution of 
dichlorosilane 128 (Figure 24). 
 
Figure 24. Molecular structure of bis(4-bromophenyl)-dichlorosilane 128 in the solid state 
(thermal ellipsoids at 50% probability). Protons are omitted for clarity. Selected bond lengths 
[Å] and angles [°] (estimated standard deviation): Si1-C1 = 1.8475(18), Si1-C7 = 1.8487(18), 
Cl1-Si1 = 2.0512(6), Cl2-Si1 = 2.0436(6), Br1-C4 = 1.8910(18), Br2-C10 = 1.8980(18); C1-
Si1-C7 = 111.66(8), Cl2-Si1-Cl1 = 108.00(3). 
The four silane substituents (4-bromophenyl and chloro) are tetrahedrally arranged around the 
silicon centre (tetrahedral angle range from 108 to 111°). The carbon-silicon bond lengths are 
almost identical (Si1-C1: 1.8475(18) Å; Si1-C7: 1.8487(18) Å) and in the expected range for 
an aromatic C-Si single bond in a dichlorosilane (lit. 1.851 to 1.890 Å).[106] The Si-Cl bonds 
are also of similar lengths (Si1-Cl1: 2.0512(6) Å; Si1-Cl2: 2.0436(6) Å) and are at the lower 
end of reported Si-Cl bonds distances in phenyldichlorosilanes, but are still in good 
agreement with literature values (lit. 2.034 to 2.181 Å).[106] 
Dichlorosilane 129 (Scheme 62, page 125) was obtained in analogy to dichlorosilane 128. 
However, the reaction proceeded much cleaner (yield 85 %) compared to formation of 128. 
Only minor impurities were found by 1H NMR spectroscopy although the solution of 
TipSiCl3 96 in hexane was added slowly to the cold suspension of 1-bromo-4-lithiobenzene 
127 (−80 °C). A single crystallisation from hexane was sufficient to obtain the pure 
dichlorosilane 129 as colourless crystals in moderate yield (18.5 %). Since the moderate yield 
127 
 
is likely attributable to the good solubility of 129 in pentane or hexane, purification by 
sublimation as in the case of dichlorosilane 128 was attempted in order to increase the 
isolated yield of 128. Indeed, sublimation under reduced pressure (2x10−2 mbar, 80 °C) 
resulted in the slow but quantitative (85 %) deposition of pure 128. Higher temperatures led 
to co-sublimation of side products so temperature had to be controlled carefully.  
The pure dichlorosilane 129 was analysed by multinuclear NMR spectroscopy, elemental 
analysis and X-ray diffraction (Figure 25). Resonances in the lowfield part of the 1H NMR 
spectrum include one singlet signal at  = 7.14 ppm for the aromatic protons of the Tip 
moiety and two doublet signals at  = 7.42 and 7.21 ppm for the ortho- and para-protons of 
the para-bromophenyl functionality. The different substituent pattern on the bridging 
dichlorosilylene moiety in 129 compared to 128 leads to a visible coupling of the aromatic 
protons in contrast to the isochronous 1H NMR signal found for 128. 29Si NMR spectroscopy 
shows one resonance at  = 3.1 ppm which is of expected value for aromatic 
dichlorosilanes[107] and slightly highfield-shifted compared to dichlorosilane 128, probably 
due to the shielding +I-effect of the Tip substituent. Elemental analysis gave the expected 
values for carbon and hydrogen in dichlorosilane 129 (Calc.: C, 75.88; H, 9.26. Found: C, 
75.56; H, 9.22). 
 
Figure 25. Molecular structure of dichlorosilane 129 in the solid state (thermal ellipsoids at 
50% probability). Protons are omitted and isopropyl functionality of the Tip groups is 
simplified for clarity. Selected bond lengths [Å] and angles [°] (estimated standard deviation): 
Si1-C1 = 1.886(8), Si1-C7 = 1.880(7), Si1-Cl1 = 2.045(3), Si1-Cl2 = 2.078(3), Br1-C4 = 
1.913(8); C7-Si1-C1 = 122.5(3), Cl1-Si1-Cl2 = 107.32(13). 
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X-ray diffraction confirmed the constitution of the dichlorosilane 129. The four substituents 
are arranged in a distorted tetrahedral arrangement (106 to 122°) around the silicon centre. 
The two aromatic substituents enclose the largest angle of 122° which is certainly due to the 
increased steric encumbrance exerted by the Tip group (Figure 25). The carbon-silicon bond 
lengths are almost identical (Si1-C1: 1.886(8) Å; Si1-C7: 1.880(7) Å) and in the expected 
range for a C-Si single bond of an aromatic dichlorosilane (lit. 1.851 to 1.890 Å).[106] The Si-
Cl bonds are also of similar lengths (Si1-Cl1: 2.045(3) Å; Si1-Cl2: 2.078(3) Å) and in good 
agreement with literature values (lit. 2.034 to 2.181 Å).[106]  
3.4.2.2. Reaction of Precursors 128 and 129 with Disilenide 76 
The presence of a dichlorosilylene functionality (R2SiCl2) in both 128 and 129 should provide 
insights into the influence of steric strain on the selectivity of disilenide 76 towards the 
different functionalities present in the reactants. Precursor 128 was thus reacted with two 
equivalents of disilenide 76 in benzene at 8 °C (Scheme 63).  
 
Scheme 63. Reaction of dichlorosilane 128 with two equivalents of disilenide 76. 
The reaction did not proceed as cleanly as anticipated but one major unsaturated product was 
detected in the 29Si NMR spectrum, which, on the basis of the lowfield resonances, could be 
the target silylene-bridged tetrasiladiene 121. The outcome of the reaction was not improved 
by lowering the temperature (−30°C, toluene:benzene 1:1). On the contrary, it only led to 
formation of small amounts of tetrasilabutadiene 13, the typical oxidation product of 
disilenide 76.[1] It was observed that clean substitution reactions of 76 benefit from the 
presence of benzene. Therefore the reaction was carried out in a 1:1 mixture of benzene and 
toluene rather than in pure toluene. 
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Figure 26. 29Si NMR spectrum of the crude bis(disilenylphenyl)-dichlorosilane 121 from 
reaction at 8 °C. 
The 1H NMR spectrum shows two major doublets of equal intensity at  = 7.32 and 7.25 ppm 
for the ortho- and meta-protons of the phenyl moieties. Additionally, three lowfield singlet 
signals at  = 7.13, 7.09 and 7.04 ppm that correspond to the three different Tip groups 
attached to the Si=Si bond are visible. 29Si NMR analysis shows formation of one major 
product with two signals of equal intensity at  = 68.8 and 60.3 ppm, which are of typical 
value for a Si-Si double bond, and a third signal at  = 5.5 ppm, which can be assigned to the 
attached dichlorosilane functionality in para-position. Affiliation of the three related silicon 
atoms to the same molecule scaffold was verified by 2D 29Si-1H NMR correlation. Additional 
signals of lower intensity for unsaturated ( = 70 to 58 ppm) and saturated ( = +1 to −18 
ppm) silicon-containing products were observed (Figure 26). Neither the main product nor 
any of the side products could be isolated by crystallisation so that the nature of the impurities 
remains unclear. Comparison of the major resonances with the spectroscopic data described 
in chapter 3.3.3, however, indicates that 121 was actually formed. Its constitution can be 
considered proven by synthesis via two independent strategies. 
Formation of disilene 124 was achieved in a rather straightforward way (Scheme 64). 
Dropwise addition of a benzene solution of disilenide 76 to a benzene solution of 129 at 8 °C 
over 20 min afforded the desired product 124 in about 80 % yield according to 1H NMR 
spectroscopy. 
In separate experiments addition rates were increased to investigate how an increased 
concentration of temporarily unreacted disilenide 76 in the reaction mixture would influence 
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the product composition. Counter-intuitively, higher addition rates led to better yields of 
disilene 124 ranging from 80 % to 96 % (addition time 20 min - 5 min) judged by 1H NMR 
spectroscopy (Figure 27).  
 
Scheme 64. Reaction of 2,4,6-triisopropylphenyl-4-bromophenyl-dichlorosilane 129 with one 
equivalent disilenide 76. 
1H NMR analysis showed that the type of side product (e.g. doublet signals between  = 7.8 
and 7.6 ppm) stays the same independent from addition rates.  
These observations suggest that the produced disilene 124 may react with the starting material 
129. Indeed, once the reaction is complete, there is no evidence for further decomposition of 
the product either by increasing reaction time after addition of disilenide 76 or during 
crystallisation attempts. Instability of disilenes in the presence of bromophenyl functionality 
was discussed in chapter 3.1.2 where extended reaction times during formation of para-
bromophenyl disilene 110c from 1-bromo-4-iodobenzene and disilenide 76 led to formation 
of side products, which could be suppressed by shortening reaction times. Faster addition of 
disilenide 76 in the present case seems to have the same effect by rapidly reducing the 
concentration of the offending species. 
 129 
76 
124 
131 
 
 
Figure 27. 1H NMR spectrum of crude disilenylphenyl-Tip-dichlorosilane 124 (96% pure). 
Disilene 124, although obtained in good purity, could not be crystallised from hexane, 
pentane, diethyl ether, THF, toluene, benzene or fluorobenzene, but rather precipitates in 
increased purity. Repetition of the process was utilised for purification purposes, but did not 
lead to crystal formation. Multinuclear NMR as well as UV/Vis spectroscopy and elemental 
analysis were carried out for characterisation.  
The lowfield region of the 1H NMR spectrum of 124 (Figure 27) shows the expected two 
doublet signals for the ortho- ( = 7.39 ppm) and meta-position ( = 7.30 ppm) of the 
phenylene linker between the dichlorosilylene and the disilenyl moiety as well as the three 
singlet resonances at  = 7.16, 7.10, 7.06 ppm for the three inequivalent Tip groups of the 
disilenyl functionality. The signal at  = 7.16 ppm is of double intensity compared to the 
other two singlet signals. The overlap with the C6D6 signal merges the two expected signals at 
 = 7.16 and 7.15 ppm of one disilenyl Tip group and the dichlorosilane Tip substituent to 
one broad resonance of higher integral. 29Si NMR spectroscopy shows three signals of which 
the two at  = 68.6 and 60.0 ppm can be attributed to the Si-Si double bond. The resonance at 
 = 3.4 ppm is of usual value for diphenyldichlorosilanes.[107] 2D 29Si-1H NMR spectroscopy 
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established the identity of the dichlorosilane attached Tip group as well as affiliation of the 
three mentioned silicon signals to the same molecular scaffold. 
All spectroscopic data was found to be identical with those collected from synthesis of 124 
via a different synthetic route discussed in chapter 3.3.4 and convincingly confirms the 
assumed constitution of disilene 124.  
Reactions of disilenide 76 with the precursors 128 and 129 differ by steric demand of the 
individual dichlorosilane scaffolds (Scheme 65). The Tip group in dichlorosilane 129 
generates some steric congestion around the SiCl2 moiety and hence impedes accessibility of 
the Si centre (Scheme 65).  
 
Scheme 65. Different steric bulk in dichlorosilanes and 128 and 129 through altered 
substituents (4-bromophenyl, Tip = 2,4,6-triisopropylphenyl). 
Discussion of substitution reactions of disilenide 76 with higher substituted chlorosilanes 130 
and 131 in chapter 3.4.3 and 3.4.5 will show that the increasing number of 4-bromophenyl 
substituents facilitates formation of single substitution products leaving the chlorosilane 
functionality intact. These observations lead to the conclusion, that implementation of 
moderate steric bulk hinders reaction of disilenide 76 with a chloro silane moiety as long as 
additional functionality is presented for reaction (e.g. bromophenyl substituents). 
3.4.3. Reaction of Tris(4-bromophenyl)-chlorosilane 130 with Disilenide 76 
Triphenylchlorosilane derivative 130 was synthesised according to a modified literature 
procedure in a two-step reaction (Scheme 66).[111] Trichlorosilane was reacted with 3.3 
equivalents of 1-bromo-4-lithiosilane 127 prepared in situ as described for precursor 128 and 
129 at room temperature (chapter 3.4.2).  
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Scheme 66. Synthesis of chlorosilane 130 according to literature.[111] 
The intermediate product triphenylsilane 132 was isolated in spectroscopically pure form by 
crystallisation from a concentrated pentane solution at −20 °C. Subsequent chlorination of the 
triphenylsilane 132 with two equivalents of sulfuryl chloride in CCl4 under reflux for 8 h 
yielded the desired precursor 130. The literature method had to be slightly modified since 
published reaction times and amount of sulfuryl chloride did not lead to quantitative 
conversion. However, doubling reaction time and amount of reagent drove reaction to 
completion and the trichlorosilane 130 could be crystallised from a concentrated hexane 
solution as colourless blocks. 
Synthesis of hexasilatriene 122 from chlorosilane 130 and disilenide 76 was carried out in the 
same way as described for (disilenylphenyl)-dichlorsilanes 121 and 124 (chapter 3.4.2.2). A 
3:1 ratio of disilenide 76 and chlorosilane 130 was brought to reaction by dropwise addition 
of 76 in benzene at room temperature (Scheme 67). 
 
Scheme 67. Reaction of tris(4-bromophenyl)-chlorosilane 130 with three equivalents of 
disilenide 76. 
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The crude product was analysed by multinuclear NMR and UV/Vis spectroscopy and 
elemental analysis. The presented reaction seems to afford a single product. The lowfield 
region of the 1H NMR spectrum shows the expected two doublet signals for the ortho- ( = 
7.34 ppm) and meta-protons ( = 7.24 ppm) of the phenylene linkers between the disilenyl 
moiety and the chlorosilane centre. The three singlet signals at  = 7.12, 7.09 and 7.04 ppm 
can be attributed to the three different Tip groups of the disilenyl moiety. The 29Si NMR 
spectrum (Figure 28) shows two signals which can be assigned to a Si-Si double bond at  = 
70.0 and 58.4 ppm as well as one signal at  = −0.5 ppm, which is of usual value for 
triphenylchloro silanes.[107] 2D 29Si-1H NMR correlation proved that all three silicon signals 
belong to the same molecular scaffold. 
 
Figure 28. 29Si NMR spectrum of tris(disilenylphenyl)-chlorosilane 122 crude product. 
All spectroscopic evidence is identical with the mentioned formation reaction of 122 via a 
different synthetic route discussed in chapter 3.3.5 and substantiates the assumed nature of 
tris(para-disilenylphenyl)chlorosilane 122. 
3.4.4. Reaction of Tris(4-bromophenyl)silane with Disilenide 76 
As mentioned in chapter 3.4.3 chlorosilane 130 was synthesised from the chlorine free 
precursor tris(4-bromophenyl)silane 132 by chlorination with sulforyl chloride. Here the 
opportunity was taken to get insight to the extent the chlorosilane substituent influences the 
HOMO-LUMO gap of the disilene functionality the chlorine free triphenylsilane 132 
(Scheme 68) was also reacted with three equivalents of disilenide 76. 
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Scheme 68. Reaction of tris(4-bromophenyl)silane 132 with three equivalents of disilenide 
76. 
Silane 132 was successfully converted to a single product in benzene by addition of three 
equivalents of disilenide 76 as a benzene solution at room temperature. The product was 
determined as the threefold substitution product 133 by multinuclear NMR spectroscopy as 
well as UV/Vis spectroscopy. 
The lowfield region of the 1H NMR spectrum shows two doublet signals for the ortho- ( = 
7.35 ppm) and meta-protons ( = 7.10 ppm) of the phenylene linkers and three signals at  = 
7.12, 7.09 and 7.04 ppm, which can be assigned to the aromatic protons of the three 
inequivalent Tip groups on each disilenyl moiety. Additionally, a singlet signal at  = 5.28 
ppm is visible, which is typical of the chemical shift for silanes. The signal shows satellites 
from coupling to the adjacent silicon atom with a coupling constant of 1J (Si-H) = 99 Hz, 
which is diagnostic for silanes (lit. 75 to 420 Hz).[107] The Si-H coupling is also visible in the 
2D 29Si-1H NMR correlation (Figure 29). 
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Figure 29. 2D 29Si-1H NMR correlation spectrum of the crude hexasilatriene 133. Spectrum 
shows diagnostic proton signals and the three silicon signals. Coupling within the Si-H 
moiety is marked with red lines.29Si NMR signals are picked. 
The 29Si NMR spectrum (Figure 29) shows two signals at  = 70.9 and 57.0 ppm that can be 
assigned to the Si-Si double bonds as well as one signal at  = −19.1 ppm which is of usual 
value for triphenyl silanes. 
UV/Vis spectroscopy shows a maximum absorption wavelength of 453 nm, which is a 
reasonable value for a Si=Si moiety according to literature [10,40-41,44,48,76d,87,105a,105b] and our 
own findings (for further cumulative discussion of spectroscopic data see chapter 3.4.6). 
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3.4.5. Synthesis of Tetrakis(4-bromophenyl)silane and Reaction with 
Disilenide 76 
3.4.5.1. Synthesis of Tetrakis(4-bromophenyl)silane 131 
The tetraphenylsilane 131 was prepared according to literature in a similar way as 
chlorosilane 130 (Figure 30).[111] Here, SiCl4 was reacted with 4.4 equivalents of 1-bromo-4-
lithio benzene 127 in hexane. It is crucial that the reaction is stopped after less than 4 h 
otherwise formation of an unidentified side product, inseparable from 131 by crystallisation, 
sublimation or column chromatography, is observed. The colourless product shows the 
reported 1H ( = 7.48 and 7.29 ppm), 13C ( = 137.76 (C-H), 131.70 (C-H), 131.66 (C-Si) and 
125.60 (C-Br) ppm) and 29Si NMR (= −13.6 ppm) signals. The 1H NMR spectrum is of 
higher order and therefore remains inconclusive regarding the product’s purity. However, 
13C- as well as 29Si NMR spectroscopy clearly show a significant impurity if reaction time is 
not abided. 
 
Figure 30. Formation of tetraphenylsilane 131 from 1-bromo-4-lithiobenzene 127 and SiCl4. 
The 13C NMR spectrum shows two signals at  = 137.90 and 131.66 ppm very close to the 
product corresponding signals which belong to the mentioned impurity (Figure 31).[111] 
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Figure 31. 13C NMR spectrum of the crude tetraphenylsilane 131 with additional signals of 
an impurity at  = 137.90 and 131.66 ppm sharing the chemical shift with the ipso carbon of 
the product. 
A Dept135 NMR experiment revealed that the side product signal at  = 131.66 ppm 
correspond to a proton carring carbon atom propably CAr-H. Half of the intensity of the signal 
at  = 131.66 ppm where the impurity is sharing the chemical shift with the ipso-carbon of 
silane 131 dissapeared. The impurity signal at  = 137.90 ppm remains indicating a second 
tertiary carbon atom by its phasing and chemical shift. All signals have a half width of h½ = 3 
Hz The product signals at  = 137.83 and 131.70 ppm remain unchanged in their relative 
intensity. 
 
Figure 32. Dept135 NMR spectrum of impure silane 131. Ipso signal at  =125.67 ppm not 
visible any more, singal intensity at  =131.66 ppm reduced (see Figure 31 for comparison). 
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The similar 29Si NMR chemical shift value of the two different species is an indication that 
both are fourfold substituted phenyl silanes (29Si NMR:  = −13.6 ppm (131) and −13.9 
ppm). These findings lead to the conclusion that the impurity must be chemically very similar 
to the product 131. Lower substituted congeners of 131 and a biphenyl-bridged dimer of 131 
can be excluded on the basis of spectroscopic data reported in literature.[111] The exact nature 
of the side product therefore remains undetermined. 
However, inert atmosphere filtration of the reaction mixture after less than 4 h reaction time 
and subsequent washing of the remaining solids with benzene yielded 131 in pure form. 131 
could be separated from trace amounts of coloured side products by a simple silica gel 
column with DCM as an eluent (Rf = 0.80). 
3.4.5.2. Reaction of Tetrakis(4-bromophenyl)silane 131 with Disilenide 76 
The dendritic octasilatetradiene 123 was synthesised under similar conditions as its congeners 
discussed in previous sections of this chapter: Dropwise addition of four equivalents of 
disilenide 76 to silane 131 in benzene at room temperature afforded 123 in near spectroscopic 
purity (Scheme 69).  
 
Scheme 69. Reaction of tetraphenylsilane 131 with four equivalents of disilenide 76. 
Subsequent crystallisation from hexane afforded orange-red crystals in excellent yield (85%). 
Once crystallised octasilatetraene 123 is poorly soluble in hexane compared to other 
derivatives 120, 121 122, 124 and 133, which could be due to the highly symmetric setting in 
123 facilitating its arrangement in a crystalline lattice. Only small amounts of tetrasiladiene 
13[1] were visible by 1H NMR spectroscopy in the crude reaction mixture as the sole side 
product, possibly due to the mentioned steric hindrance, which disilenide 76 experiences 
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during the reaction with increasingly steric congested backbone of 131. Multinuclear NMR- 
as well as UV/Vis spectroscopy, elemental analysis and X-ray diffraction were carried out. 
 
Figure 33. Molecular structure of tetrakis(disilenylphenyl)silane 123 in the solid state 
(thermal ellipsoids at 50% probability). Protons are omitted and Tip groups are simplified for 
clarity. Selected bond lengths [Å] and angles [°] (estimated standard deviation): Si2-Si3 = 
2.1537(6), Si1-C49 = 1.8810(15), Si2-C1 = 1.8900(17), Si2-C16 = 1.8865(18), Si3-C31 = 
1.8799(17), Si3-C46 = 1.8686(16); C49-Si1-C49’ = 106.92(10), C49-Si1-C49’’ = 110.76(5), 
C1-Si2-Si3 = 128.16(6), C16-Si2-Si3 = 114.75(6), C16-Si2-C1 = 114.13(8), C31-Si3-Si2 = 
123.90(5), C46-Si3-Si2 = 115.15(6), C46-Si3-C31 = 119.95(7). 
The 1H NMR spectrum shows the expected two doublet signals for the protons in ortho- ( = 
7.30 ppm) and meta-position ( = 7.15 ppm) of the phenylene moieties and three singlet 
signals at  = 7.12, 7.06 and 7.03 ppm of the three different aromatic protons of the Tip 
groups on the disilenyl moieties. The 29Si NMR spectrum features two signals in the typical 
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region of Si-Si double bonds at  = 71.0 and 56.8 ppm as well as one signal at  = −15 ppm 
which is typical for tetraphenylsilanes.[107] 
UV/Vis spectroscopy shows a maximum absorption wavelength of 454 nm, which is of 
reasonable value for a Si=Si moiety according to the literature [10,40-41,44,48,76d,87,105a,105b] and 
our own findings (for further cumulative discussion of NMR and UV/Vis spectroscopic data 
see chapter 3.4.6). 
X-ray diffraction confirmed the constitution of 123 as tetrakis(disilenylphenyl)silane (Figure 
33).  
The almost perfectly tetrahedral 123 crystallises in a tetragonal crystal system (P4). The Si-C 
bonds are all of very similar values (Si1-C49 = 1.8810(15), Si2-C1 = 1.8900(17), Si2-C16 = 
1.8865(18), Si3-C31 = 1.8799(17), Si3-C46 = 1.8686(16)) and consistent with Si-C(sp2) 
single bonds.[106] The Si2-Si3 double bond distance is 2.154(6) Å, a usual value for a Si=Si 
unit (lit. 2.140 to 2.229 Å).[106] The torsion angle is τ = 9.67° and the trans-bent angles are θSi2 
= 9.77° and θSi3 = 15.51° which are of significant but not abnormal magnitude compared to 
other Si=Si compounds discussed in chapters 3.1.2 and 3.3. 
3.4.6. UV/Vis and NMR Spectroscopy Analysis of Disilenylphenylsilane 
Derivatives 120, 121, 122, 123, 124 and 133 
The different unsaturated, Si=Si unit(s) containing systems prepared in the forgoing chapters 
represent a logic row of molecules with an increasing 4-disilenyphenyl substitution degree on 
a central RnSiCl4-n (n = 1, 2, 3 and 4) and SiH core. In contrast to para-functionalized 
disilenes 110a-c discussed in chapter 3.1.2 here the non-linear substitution pattern around a 
centred silicon atom might lead to a combined influence of electronic and steric properties. 
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Table 3. Overview of NMR- and UV/Vis spectroscopic data of disilenylphenylsilanes 120, 
121, 122, 123, 124, and 133. Disilene 101[40] and 119 are included for reference. 
Derivative 
Si1 
[ppm] 
Si2 
[ppm] 
Si3 
[ppm] 
UV/Vis 
[nm] 
Pho 
[ppm] 
Phm 
[ppm] 
Ph 
coupling 
constant 
[Hz] 
Tip1 
[ppm] 
Tip2 
[ppm] 
Tip3 
[ppm] 
101 
-H 
71.8 55.2 n.a. 439 7.38 6.83 8 7.12 7.09 7.04 
119 
-TMS 
71.5 56.5 −4.6 445 7.41 7.09 8 7.14 7.11 7.05 
120 
-SiCl3 
67.3 62.1 −1.0 441 7.31 7.18 8 7.12 7.08 7.04 
121 
-SiCl2 
68.8 60.2 5.5 463 7.32 7.25 8 7.13 7.09 7.04 
124 
-SiCl2Tip 
68.6 60.0 3.4 462 7.39 7.30 8 7.16 7.10 7.06 
122 
-SiCl 
70.0 58.4 0.5 472 7.34 7.24 8 7.12 7.09 7.04 
133 
-SiH 
70.9 57.0 −19.1 453 7.35 7.10 8 7.12 7.9 7.04 
123 
-SiR4 
71.0 56.8 −15 454 7.30 7.13 8 7.12 7.06 7.03 
117 
-Li 
77.1 
46.6/ 
45.8 
n.a. - 7.71 6.88 - 7.06 6.99 6.88 
 
29Si NMR spectroscopy shows the known interplay of inductive and mesomeric effects on the 
central silane with changing number of chloro and phenyl substituents (120, 121, 122 and 
123; Table 3).[107] The dichlorosilylene signal of the -SiTipCl2 substituted disilene 124 shows 
a slight highfield shift ( = 3.4 ppm) compared to twofold dichloro silane 121 ( = 5.5 ppm), 
which might be due to the +I effect of the additional 2,4,6-triisopropylphenyl substituent in 
disilene 124. All other spectroscopic data of 124 and 121 is generally similar. The small 
chemical shift differences of lowfield 29Si NMR spectroscopy signals (Table 3) indicate 
rather small changes in the energy level of the LUMO, which is of significance for the 
paramagnetic term of the chemical shift value. 
The product of threefold substitution 122 shows the longest wavelength absorption with the 
most pronounced red shift (λmax = 472 nm) amongst all derivatives 120, 124, 121, 133, 122 
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and 123. A blue shift upon formal replacement of the chlorine substituent by a hydrido group 
(133: λmax = 453 nm) or fourfold substitution (123: λmax = 454 nm) is observed (Table 3). The 
σ*-orbital of a silane experiences a decrease in energy in the presence of electron withdrawing 
substituents (chlorine), thus allowing better conjugative interaction with the HOMO orbital in 
case of 122 than in 133 or 123. 
3.4.7. Conclusion 
In conclusion, a systematic row of disilenylphenyl-chlorosilanes was prepared via two 
different approaches (120, 121, 122, 123 and 124). Reaction of 4-lithiophenyldisilene 117 
with appropriate equivalents of SiCl4 and TipSiCl3 96 generally afforded products of low 
purity. In contrast, treatment of silane and chlorosilane precursors 128, 130, 132 131 and 
dichlorosilane 129 (chapter 3.4.2.1) with disilenide 76 resulted in the desired introduction of 
disilenyl functionalities at the para-positions of the phenyl substituents of each precursor. The 
synthesis of 121, 124 and 133 revealed that the discrimination of disilenide 76 between 
aromatic bromide and chloro silane functionalities is largely governed by steric 
congestion.[76a,77,82,109] Thus, the investigated systems were synthesised by two different 
synthetic approaches serving as confirmation of structural assignments for 121, 124 and 123 
in lieu of a structural analysis by X-ray diffraction. 
29Si-NMR spectroscopy shows a rather small influence of the substitution degree on the 
lowfield Si-Si double bond signals, which indicates a similar LUMO energy level in the 
discussed derivatives (see Table 3). UV/Vis spectroscopy revealed an electronic 
independence of individual disilenylphenyl substituents. A red shift of the λmax value by 32 
nm from one- to threefold substitution and a blue shift from threefold to fourfold substitution 
by Δλmax = 18 nm was observed. The chlorine substituent of the para-silyl moiety was 
identified to be a major influence on the HOMO-LUMO gap of the disilenyl moieties (133 vs. 
122) by lowering the central silane σ* -orbital, thus allowing better interaction with the π-
electrons of the disilenylphenyl functionality.  
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3.5. Studies of para-Lithiophenyldisilene 117 in Reactions with 
SiBr4 
3.5.1. Introduction ..................................................................................................... 144 
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3.5.1. Introduction 
Reactions of para-lithiophenyl disilene 117 with SiCl4 showed (Chapter 3.3) that not all 
substitution patterns (one to four) are accessible by this route, i.e. clean twofold and fourfold 
substitution failed. Therefore, tetrabromosilane was tested as an alternative electrophile. 
Disilene 117 was reacted with excess (→ 134), ½ (→ 138) or ⅓ (→ 141) equivalents of SiBr4 
as well as with one equivalent of TipSiBr3 139. All following manipulations were carried out 
in diethyl ether at low temperature (−78 °C) with in situ generation of 117 and addition of the 
reagents under variable conditions as detailed below. SiBr4 was distilled from magnesium 
turnings to eliminate possible HBr impurities which could result in protonation of the 
intermediate disilene 117 to disilene 101. 
3.5.2. Reaction of para-Lithiophenyldisilene 117 with Excess SiBr4 
Mono substitution was achieved by addition of excess SiBr4 (3 eq) to 4-lithiophenyl disilene 
117 at 78 °C in diethyl ether (Scheme 70). The high melting point of SiBr4 (5 °C) required 
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addition of the reagent as a hexane or diethyl ether solution since addition of the neat reagent 
lead to formation of solid SiBr4 droplets and hence a biphasic reaction mixture. The resulting 
undefined ratio of reagents yielded product mixtures rather than the desired disilene 134. The 
SiBr4 solution was cooled prior (−30 °C to −78 °C) to addition to ensure that low temperature 
was maintained. 
 
Scheme 70. Reaction of lithiated disilene 117 with excess SiBr4. 
The following reaction was analysed by 1H and 29Si NMR spectroscopy as well as 2D 29Si-1H 
correlation NMR. Best results, judged by NMR spectroscopy, were obtained by fast addition 
of three equivalents SiBr4 as a precooled (−78 °C) 1 molar hexane solution to a solution of 
para-lithiated phenyl disilene 117 at −78 °C. The solvent was removed from the warming 
reaction at −50 °C after 2 h reaction time. 1H NMR spectroscopy of the crude product showed 
mostly (approx. 80 %) signals which can be attributed to the desired disilene 134. In the 
lowfield region two doublets ( = 7.30 and 7.24 ppm) are visible which correspond to the 
ortho- and meta-protons of the phenylene linker as well as three singlets ( = 7.13, 7.09 and 
7.04 ppm) for the three different Tip substituents of the Si=Si unit. 
 
117 134 
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Figure 34. 29Si NMR spectrum from reaction of para-lithiophenyl disilene 117 and three 
equivalents SiBr4 (1M hexane solution). 
The 29Si NMR spectrum (Figure 34) shows signals at  = 67.1 and 62.4 ppm which are in the 
typical range of Si-Si double bonds as well as a major signal at  = −26.5 ppm for the SiBr3 
functionality which is in accordance with literature values for aromatic tribromosilanes.[45a] 
2D 29Si-1H NMR correlation confirms the affiliation of the silicon atom corresponding to the 
highfield signal at  = −26.5 ppm to the same scaffold as the Si-Si double bond (Figure 35). 
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Figure 35. 2D 29Si-1H NMR spectrum from reaction of para-lithiophenyldisilene 117 and 
three equivalents SiBr4 (1 M hexane solution). Affiliation of the SiBr3 moiety and Si-Si 
double bond to the same molecule is indicated by Si-H coupling marked with red lines. 
Additionally, signals of other species were observed by 29Si NMR spectroscopy; those of the 
double substitution product 138 ( = 68.5, 60.5 and −0.7 ppm, see chapter 3.5.4) and the 
starting material para-bromophenyl disilene 110c ( = 69.9 and 57.6 ppm). Since in situ 
generation of para-lithiophenyl disilene 117 should be quantitative as shown in chapter 
3.2.2.2, the presence of 110c can be explained by halogen metal exchange of 117 and SiBr4. 
Furthermore, disilane 135 was detected as a side product with high field resonances at  = 
−11.8, −21.2 and −26.5 (see chapter 3.5.3).  
Table 4. Reaction times for disilene 117 with 3 eq SiBr4 starting from −90 °C and subsequent 
warming to room temperature over 4-5 h. *Solvent was removed at −50 °C. 
Reaction Times Yield of 134 (accord. 
to1H/29Si NMR) 
48 h ~ 15 % 
8 h ~ 70 % 
2 h* ~ 80 % 
 
A correlation between the reaction time and the yield of 134 was observed by 1H and 29Si 
NMR spectroscopy and the rection outcome could be optimised by short term reactions 
(Table 4). 
148 
 
3.5.3. Reactivity of Disilene 134 towards Bromosilane Functionality 
3.5.3.1. Reactivity of SiBr4 towards Disilene 134 
As mentioned in chapter 3.5.2 extended reaction times during synthesis of 4-
tribromosilylphenyl disilene 134 led to increased concentration of by-products with saturated 
silicon atoms (Figure 34), mainly dibromodisilane 135 (Figure 36) (29Si NMR:  = −11.0, 
−18.2 and −26.5 ppm). Side product 135 was crystallised from a dilute hexane solution, 
which was obtained from a long term reaction of 4-lithiophenyldisilene 117 and three 
equivalents SiBr4 at room temperature (see Table 4). X-ray diffraction verified the 
constitution of the saturated silicon species. The bromine from the formal Br2 addition to the 
disilene functionality of 134  might derive from reaction of excess SiBr4 with the Si-Si double 
bond as mentioned in the introduction (chapter 1.4) and will be discussed in further detail in 
chapter 3.5.3.2. 
 
Figure 36. Long term reaction of disilene 134 with excess SiBr4 at room temperature. 
1H NMR spectroscopy shows individual signals for most aromatic protons in 135. The 
tetracoordinate silicon centres of the former Si-Si double bond undoubtedly experience 
increased steric congestion compared to disilenes due to the reduced bond angles between 
disilane substituents. In that case, the diastereotropic Tip groups on Si1 show individual 
resonances for each aromatic proton (Si1 at  = 7.08, 7.03, 6.99 and 6.95 ppm, 4J ≈ 2 Hz; see 
Figure 36 for numbering). Conversely, the Tip related signal of the aromatic protons on Si2 
show a singlet resonance on a 300 Hz NMR spectrometer ( = 7.05 ppm), indicating 
relatively free rotation of that group. Somewhat surprisingly, the phenyl protons in ortho- and 
meta-position show individual signals at  = 7.49, 7.61, 7.63 and 8.85 ppm, respectively, 
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which indicates hindered rotation for the phenyl substituent in 135 on an NMR timescale 
despite the fact that this group is smaller than the Tip group located at the same silicon atom, 
Si2. This could be speculatively explained by an attractive interaction of the ortho-protons 
with the bromo substituent at Si2 (see Figure 36), which would also explain the strong 
deshielding experienced by one aromatic proton ( = 8.85 ppm) and at the same time 
facilitate rotation of the Tip group at Si2. 
 
Figure 37. 2D 29Si-1H NMR correlation spectrum of disilane 135. All proton resonances 
show correlation with one of the three silicon atoms of the molecule scaffold marked with red 
lines. 
The 29Si NMR signals were assigned to Si1 ( = −18.2 ppm), Si2 ( = −11.0 ppm) and Si3 ( 
= −26.5 ppm) by means of a 2D 29Si-1H NMR correlation (Figure 37). Evidently, the SiBr3 
moiety is relatively insensitive towards changes in para-position of the phenyl substituent 
since the SiBr3 substituent in 134 and in 135 show identical chemical shifts. 
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Figure 38. Molecular structure of dibromodisilane 135 in the solid state (thermal ellipsoids at 
50 % probability). Protons are omitted and Tip groups are simplified for clarity. 
The constitution of dibromodisilane 135 was confirmed by X-ray diffraction on single 
crystals, but strong disorder is prohibitive with regards to a discussion of structural features in 
detail. 
3.5.3.2. Formation of Neopentasilane 137 during Reaction of Disilene 134 with 
Excess SiBr4 
Prolonged reaction times between disilene 134 and excess SiBr4 at room temperature leads to 
quantitative formation of dibromodisilane 135. During attempts to crystallise disilane 135, 
perbromo neopentasilane 137 was isolated from hexane together with co-crystallised SiBr4.  
Formation of 137 can be rationalised by formation of dibromosilylene 136 during 
bromination of the disilene moiety of 134 (Scheme 71). Fourfold insertion of the reactive 
silylene 136 into the Si-Br bonds of SiBr4 leads to formation of 137. 
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Scheme 71. Formation of 137 as a stoichiometric side product from reaction of disilene 134 
with excess SiBr4 
Neopentasilane 137 is less soluble in hexane than 1,2-dibromo disilane 135 and can thus be 
separated as large cubic colourless blocks from the mostly amorphous main product 135. Due 
to the low solubility of 137 in non-coordinating solvents no signal was observed in the 29Si 
NMR spectrum even after prolonged acquisition times.  
 
Figure 39. Molecular structure of dodecabromo neopentasilane 137 in the solid state. SiBr4 
(top right corner) co-crystallises in the same crystal lattice. 
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Crystals of 137 were analysed by X-ray diffraction. However, strong disorder of 137 does not 
allow for the discussion of structural features in detail. Although volatiles were removed 
under reduced pressure over an extended period (2x10−2 mbar, 8 h) before crystallisation 
attempts, Neopentasilane 137 co-crystallises with SiBr4 in a cubic crystal system (Figure 39).  
3.5.3.3. Instability of Disilene 134 
During crystallisation attempts instability of disilene 134 was observed. Although excess 
SiBr4 was completely removed by distillation under reduced pressure, confirmed by 
29Si 
NMR spectroscopy, a decolouration of the red crude product mixture of 134 and 135 in 
hexane was observed above −20 °C. Decomposition was found to take place even in the solid 
state at room temperature resulting in a mixture of several saturated silicon species according 
to 29Si NMR spectroscopy (Figure 40). Beside the three signals at  = −11.0, −18.2 and −26.5 
ppm (chapter 3.5.2), which correspond to disilane 135 (see chapter 3.5.3) several resonances 
are visible up to  = −58.6 ppm.  
The chlorine derivative of dodecabromo neopentasilane 137 shows a 29Si NMR spectroscopy 
resonance at −80.4 ppm for the central silicon atom.[113] The corresponding signal for 137 
is expected at higher field. Therefore 137 does not seem to be present in the product mixture 
and the lowfield signals have different origin. It seems plausible (chapter 1.4) that the -SiBr3 
moiety of 134 reacts with close-by 134 disilene functionality after isolation of the crude 
product due to missing kinetic stabilisation of the disilene moiety. As a result of the halogen 
transfer from the -SiBr3 group to the disilene, a silylene is generated at the former –SiBr3 
position which can react unselectively to a number of cyclic and linear silane product. This 
would explain, the multiple signals of similar chemical shift around = −10 and −18 ppm. 
However, no pure product could be isolated from the crude decomposition mixture. 
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Figure 40. 29Si NMR spectrum of crude 134 after decomposition in the solid state at room 
temperature. 
3.5.4. Reaction of two and three Equivalents of para-Lithiophenyldisilene 117 
with SiBr4 
Although the tribromosilane moiety in disilene 134 caused instability of this product, the 
sterically more crowded twofold substitution product 138 (Scheme 72) was anticipated to 
show a higher stability. 
 
Scheme 72 Proposed reaction of intermediate disilene 117 with half an equivalent of SiBr4. 
Reaction of disilene 117 with 0.5 equivalents of SiBr4 was carried out as discussed for the 
synthesis of disilene 134 (chapter 3.5.2). 1H NMR spectroscopy analysis of the crude product 
is ambiguous due to overlapping diagnostic lowfield signals. Judged by 29Si NMR 
spectroscopy several products were found beside the desired bis(4-disilenylphenyl)dibromo 
silane 138 ( = 68.5, 60.5 and −0.7 ppm), namely para-bromophenyl disilene 110c ( = 69.2 
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and 57.4 ppm), phenyldisilene 101 ( = 71.6 and 57.6 ppm) and significant amounts of a 
species which is assumed to be the trifold substitution product 141 ( = 69.8, 58.5 and 0 
ppm). Addition of SiBr4 by means of a precooled diethyl ether solution (−78 °C) minimize 
most of the by-products, however, formation of phenyl disilene 101 could not be suppressed 
completely. Dibromsilylene-bridged tetrasiladiene 138 was also synthesised following a 
different synthetic strategy (chapter 3.6.3) via reaction of disilenide 76 with an appropriate 
arylbromide functionalised precursor analogue to the reactions discussed in chapter 3.4 
verifying its identity. Further spectroscopic data of 138 are described in chapter 3.6.3. 
alongside a discussion of the alternative synthetic approach.  
 
Figure 41. 29Si NMR spectrum of the crude product from reaction of disilene 117 with 0.5 
equivalents of SiBr4. 
Threefold substitution was also attempted via addition of SiBr4
 in cold ether (−78 °C) to three 
equivalents of 4-lithiophenyl disilene 117. According to 29Si NMR spectroscopy (Figure 42) 
the main product was the product of twofold substitution, 138 ( = 68.5, 60.4 and −0.7 ppm), 
rather than the assumed threefold substitution product 141 together with significant amounts 
of para-bromophenyl disilene 110c ( = 69.5 and 57.5 ppm), probably resulting from the 
bromination of 117 by SiBr4. However, the signals at  = 68.5 and 60.5 ppm supposedly 
belong to the Si-Si double bonds and the signal at  = 0.0 ppm to the bromosilane 
functionality[107] of hexasilatriene 141.  
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Figure 42. 29Si NMR spectrum of crude product from reaction of disilene 117 and ⅓ 
equivalent of SiBr4. 
3.5.5. Reaction of para-Lithiophenyldisilene 117 with TipSiBr3 139 
TipSiCl3 96 was found to react with para-lithiophenyl disilene 117 in a clean substitution 
reaction yielding the corresponding disilenyl substituted dichlorosilane 124 (chapter 3.3.4). 
SiBr4, a conceivable starting material for dibromosilanes, was found to react with disilene 117 
in a rather unselective way (chapter 3.5.2 and 3.5.4). Reaction of disilene 117 with TipSiBr3 
139 was anticipated to proceed in a more uniform way compared to SiBr4 due to the steric 
bulk introduced by the 1,3,5-triisopropylphenyl group (Tip). 
3.5.5.1. Synthesis of TipSiBr3 139 
TipSiBr3 139 was synthesised following an adapted literature procedure (Scheme 73).
[114] A 
diethyl ether solution of TipLi 126 was added dropwise to two equivalents of solid SiBr4 at 
−78 °C. 
 
Scheme 73. Formation of TipSiBr3 139  from reaction of TipLi 126 with SiBr4. 
 126 139 
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After warming to room temperature all volatiles were removed under reduced pressure. 1H 
NMR spectroscopy shows only one signal at lowfield ( = 7.02 ppm), 29Si NMR spectroscopy 
shows a single signal at  = −35.9 ppm which is in accordance with typical tribromosilane 
resonances (Figure 43).[45a] 
 
Figure 43. 29Si NMR spectrum of TipSiBr3 139. 
3.5.5.2. Reaction of TipSiBr3 and 4-Lithiophenyldisilene 117 
One equivalent of silane 139 was added to 4-lithiophenyldisilene 117 (−78 °C) either 
dropwise or rapidly as a solution in diethyl ether at room temperature or precooled (−30 to 
−78 °C, Scheme 74). All attempts to isolate the desired disilene 140 were without success. 
 
Scheme 74. Reaction of para-lithiophenyldisilene 117 with TipSiBr3 139. 
29Si NMR spectroscopy of the crude product from dropwise addition of 139 precooled (−30 
°C) to disilene 117 shows one major unsaturated silicon species at  = 68.2 and 60.2 ppm and 
several highfield signals that can be assigned to saturated silicon species (Figure 44). 
However no signal was visible around  = 0 ppm where a diphenyl-substituted SiBr2 moiety 
 117 
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would be expected to show resonance. All product mixtures obtained were too complex for 
assignment and discussion of spectroscopic yield.  
 
Figure 44. 29Si NMR spectrum from reaction of 4-lithiophenyl disilene 117 and (2,4,6-
trisiopropylphenyl)-tribromosilane 139 by dropwise addition from a precooled solution 
(−30 °C). 
3.5.6. Conclusion 
In conclusion, SiBr4 was investigated as an alternative for SiCl4 with para-lithiophenyl 
disilene 117 in mono-, di-, and trifold substitution reactions. In addition, reaction of disilene 
117 with one equivalent of tribromosilane 139 was investigated. None of the reactions 
yielded a product in reasonable purity. Side products from reaction of 117 with excess SiBr4 
could be isolated and were identified as the dibromodisilane 135 and the perbrominated 
neopentasilane 137 which was identified as the stoichiometric sideproduct from reaction of 
disilene 134 with excess SiBr4 to dibromodisilane 135. Anticipated twofold and trifold 
substitution yielded mixtures of tetrasiladiene 138, phenyldisilene 101 and 4-
bromophenyldisilene 110c. Additionally an unsaturated species was detected which is 
assumed to be the trifold substitution product 141 of SiBr4 and disilene 117. The unsuccesful 
reactions with TipSiBr3 139 could either be due to the higher reactivity of the SiBr3 unit 
towards nucleophiles or contamination of the starting material with Si5Br12 137, which is not 
traceable via 29Si NMR spectroscopy. Any positive effect employing SiBr4 instead of SiCl4 
could not be confirmed. 
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3.6.1. Introduction 
The unselective reactions of SiBr4 and TipSiBr3 137 with the intermediate para-lithiophenyl 
disilene 117 and the instability of Si=Si moiety in the presence of SiBr3 functionality 
discussed in chapter 3.5 limits the number of applicable bromosilane reagents severely. 
However, the successful synthesis of (4-dichlorosilylphenyl)disilenes 121 and 124 via 
nucleophilic substitution reactions of disilenide 76 with the respective 4-bromophenyl-
dichlorosilane precursors (chapter 3.4) prompted the investigation of analogous reactions with 
the corresponding dibromosilanes. It was anticipated that the phenyldisilene functionalised 
dibromosilanes 138 and 140, (Scheme 75) could be synthesised in the same selective way as 
observed for the dichlorosilylene-bridged derivatives 121 and 124 since no SiBr4 or 
intermediate SiBr3 functionality would be available in the presence of the disilene unit. Also, 
the dibromosilane functionality did not show any reactivity towards disilenes in preliminary 
studies (chapter 3.5.4) which suggests a certain stability of the envisaged target compounds. 
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Scheme 75. Pursued disilenylphenyl dibromosilanes 138 and 140. 
Bis(4-bromophenyl)-dibromosilane 143 and 4-bromophenyl-Tip-dibromosilane 145 were 
synthesised via adapted literature procedures[111] (Scheme 76) and reacted with the 
appropriate number of equivalents of disilenide 76 required to afford the corresponding 
disilenylphenyl dibromosilanes 138 and 140. 
3.6.2. Synthesis of Bis(4-bromophenyl)-dibromosilane 143 and 4-
Bromophenyl-Tip-dibromosilane 145 
Silanes 143 and 145 were synthesised from a hexane suspension of 1-bromo-4-lithiobenzene 
by fast addition of excess SiBr4 at −78 °C (Scheme 76). The resulting mixture of mono (142) 
and disubstitution product (143) was separated by sublimation under reduced pressure. The 
degree of substitution was verified by conversion of the bromosilanes 142 and 143 with 
LiAlH4 in diethyl ether to the corresponding Si-H compounds and analysis of the PhH/SiH 
ratio in the 1H NMR spectrum (4-bromophenylsilane (from 145):  = 7.9, 6.94 and 4.05 ppm, 
Ph-H vs. SiH = 2:2:3; bis(4-bromophenyl)silane (from 143):  =7.25, 7.00 and 4.74 ppm, Ph-
H vs. Si-H = 4:4:2). The targeted Tip-substituted dibromosilane 145 was then obtained by 
reaction of tribromosilane 142 with TipLi 126 in toluene at −30 °C in analogy to the literature 
known synthesis of Tip2SiCl2 30 from TipLi 126 and SiCl4.
[115] However, incomplete 
formation of 145 yielded TipH as a by-product, judged by 1H NMR spectroscopy, assumingly 
from decomposition of TipLi 126 after prolonged reaction times at room temperature. Some 
TipH could be removed by distillation under reduced pressure but about 10 % impurity 
remained according to 1H NMR spectroscopy. 
In a second approach, the synthesis of dibromosilane 145 was attempted via formal chlorine-
bromine exchange (Scheme 76). 4-Bromophenyl-(2,4,6-triisopropylphenyl)-dichlorosilane 
129 was converted to the corresponding silane 144 with LiAlH4 in diethyl ether and 
 
138 140 
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subsequently attempted to brominate with N-bromosuccinimide (NBS). 1H NMR analysis 
revealed an unselective reaction by a multitude of aromatic signals. Product 140 could not be 
observed in significant amounts. 
 
 
 
Scheme 76. Synthesis of dibromosilanes 143 and 145 from 1-bromo-4-lithiobenzene 127 and 
alternative formation of dibromosilane 145 via formal Cl-Br halogen exchange from 
dichlorosilane 129. 
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3.6.3. Reaction of Bis(4-bromophenyl)-dibromosilane 143 with Disilenide 76 
Synthesis of bis(para-disilenylphenyl)-dibromosilane 138 was achieved by treatment of 
dibromosilane 143 with two equivalents of disilenide 76 (Scheme 77). 
 
 
Scheme 77. Reaction of dibromosilane 143 with two equivalents of disilenide 76. 
It had been found (chapter 3.4.2.2) that the selectivity of such reactions can be increased by 
slightly lowering the temperature to just above the melting point of benzene (8 °C). However, 
it was also observed that clean substitution reactions of 76 benefit from the presence of 
benzene. Therefore, the reaction was carried out in a 1:1 mixture of benzene and toluene at 
(−30 °C). The significantly lower temperature was applied to counterbalance the anticipated 
increase in reactivity of bromosilane functionality towards disilenide 76 compared to the 
corresponding chloro compounds. The product could be isolated in 45% yield by 
crystallisation from hexane, however, NMR analysis of the crude product revealed an overall 
conversion of 90%. The isolated product was analysed by multinuclear NMR, UV/Vis 
spectroscopy as well as elemental analysis and X-ray diffraction. 
1H NMR spectroscopy showed a lowfield signal at  = 7.30 ppm for the protons of the 
phenylene moiety. A similar observation was made in the case of bis(4-bromophenyl)-
dichlorosilane 128 where the two groups of phenyl protons show a single lowfield isochronal 
resonance (Chapter 3.4.2.1).  
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Figure 45. 2D 29Si-1H NMR spectrum of SiBr2-bridged tetrasiladiene 138. Affiliation of the 
SiBr2 moiety and Si-Si double bond to the same molecule is indicated by Si-H correlation and 
marked with red lines. 
Here the resonance in question shows a small splitting which indicates a spectrum of higher 
order with an extremely pronounced roof effect, taking the smaller surrounding signals into 
account (Figure 45). 
29Si NMR spectroscopy showed signals at  = 68.5 and 60.5 ppm which were attributed to the 
Si-Si double bond. The signal at  = −0.7 ppm can be assigned to the dibromosilylene moiety 
as verified by 2D 29Si-1H NMR correlation (Figure 45). UV/Vis spectroscopy showed a 
maximum absorption value of 467 nm, which is in good agreement with literature values for 
disilenes and is at the red shifted end of reported aryl substituted 
disilenes.[10,44,48,76d,87,105a,105b,116] Furthermore, the λmax value of 138 is slightly red shifted by 
about 4 nm in comparison to the chlorine analogue. The constitution of 138 was confirmed by 
X-ray diffraction to be that of bis(para-disilenylphenyl)-dibromosilane. 
The SiBr2-bridged tetrasiladiene 138 crystallises in a monoclinic space group (I2/a). The Si-Si 
double bonds distance of both Si=Si units is 2.1831(13) Å which is in the typical range for 
aryl substituted disilenes (lit. 2.140 to 2.229 Å).[106] The disilenyl units experience strong 
trans-bent arrangement with angles of θ = 20 (TipPh) and 22.5° (Tip2). Also the torsion angle 
is significant (τ = 9.78°) but still within range of values for other asymmetric substituted 
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aryldisilenes presented here (chapter 3.1 and 3.4.5) or in the literature.[40-41,87] Si-C bond 
distances to the aryl- substituents range from 1.876(3) to 1.888(3) Å, which is in agreement 
with literature values (lit. 1.851 to 1.890 Å).[106] The observed Si-Br distances show no 
unusual characteristics (2.2124(10) Å, lit. 2.213 to 2.270 Å).[106] The tetrahedral 
dibromosilylene moiety is slightly deformed along the C49-Si-C49’ axis (115°) probably due to 
the increased repulsion of the sterically demanding substituents.  
 
Figure 46. Molecular structure of 138 in the solid state (thermal ellipsoids at 50% 
probability). Protons are omitted and Tip groups are simplified for clarity. Selected bond 
lengths [Å] and angles [°] (estimated standard deviation): Si1-Si2 = 2.1831(13), Si1-C1 = 
1.887(3), Si1-C16 = 1.888(3), Si2-C31 = 1.886(3), Si2-C46 = 1.876(3), Si3-C49 = 1.847(3), 
Br-Si3 = 2.2124(10), C1-Si1-Si2 = 106.27(11), C16-Si1-Si2 = 127.53(11), C1-Si1-C16 = 
120.05(15), C31-Si2-Si1 = 127.77(11), C46-Si2-Si1 = 116.49(11), C46-Si2-C31 = 
110.19(15), C49-Si3-Br = 109.42(10), C49-Si3-Br’ = 108.38(10), Br-Si3-Br’= 105.86(7). 
3.6.4. Attempted Synthesis of 2,4,6-Triisopropylphenyl-(4-disilenylphenyl)- 
dibromosilane 140 
Since reaction of disilenide 76 with dibromosilane 143 was straightforward, a similar 
outcome was assumed for reaction of 76 with dibromosilane 145. 
Dibromosilane 145 was thus reacted with disilenide 76 in a 1:1 ratio (Scheme 78) under 
identical conditions to those employed during the reaction of dibromosilane 143 (chapter 
3.6.3) with disilenide 76.  
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Scheme 78. Assumed reaction of dibromosilane 145 and disilenide 76. 
1H NMR spectroscopy of the crude product (140, Figure 47) showed signals in the lowfield 
region of the spectrum, which can be attributed to the targeted product. The two doublets at  
= 7.32 and 7.26 ppm can be assigned to the phenylene moiety in 140. Additionally, four 
lowfield singlets of similar intensity are visible, which is in agreement with the expected 
constitution of disilene 140 (four Tip substituents,  =7.14, 7.10, 7.05 and 7.02 ppm). 
 
Figure 47. 1H NMR spectrum from crude product from reaction of dibromosilane 145 and 
one equivalent disilenide 76. 
However, significant amounts of side products were detected by 1H NMR spectroscopy. 
Disilene 140 could not be separated by crystallisation from this mixture. 
Since the nature of the impurities was unknown and the amount detected by 1H NMR 
significant, UV/Vis analysis of the product mixture was dispensed.  
 76 145 140 
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3.6.5. Conclusion 
The dibromosilanes 143 and 145 were reacted with the required number of equivalents of 
disilenide 76 to afford the corresponding 4-disilenylphenyldibromosilanes 138 and 140. The 
results raise questions concerning the factors that determine selectivity of these reactions. 
Analogous reactions of the corresponding dichlorosilanes 128 and 129 with the adequate 
number of equivalents of disilenide 76 reacted more selectively with increased encumbrance 
of the substrate’s molecular scaffold. More steric congestion around the chlorosilane was 
found to support selective reaction with arylbromide functionalities. Here, the bromosilanes 
143 and 145 show the opposite behaviour suggesting a significant influence of electronic 
factors. 
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3.7.1. Introduction 
Thiophenes are important building blocks for semi-conducting polymers with numerous 
applications (e.g. in OLEDS, OPVCs, etc.). The chemistry of thiophenes was therefore 
extensively studied in the last decades.[117] By a 2,5-substitution pattern (146) the sulphur-
containing cyclic diene connects the π-electron systems of two aromatic moieties and thus 
extends the conjugated system of the molecule’s backbone (Scheme 79).  
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Scheme 79. π-Electron communication between two aromatic moieties via a thiophene linker 
(X = functional group). 
As hetero aromatic systems, thiophenes offer better π-electron conjugation between pending 
substituents than the corresponding phenylene systems. Local ring currents in phenyl moieties 
that are part of a bigger π-conjugated system decrease the global electron delocalisation. The 
delocalisation of electrons is directly linked to the HOMO-LUMO energy difference. The 
HOMO-LUMO gap is of significance in terms of promotion energy for electrons to an 
excited state leading to a conducting function of the materials. In 1935, Fieser and Kennelly 
described the first experimental comparison of thiophenyl and phenyl moieties regarding their 
electrochemical potential.[105a] In a number of redox reactions (Scheme 80) of thionaphthene 
quinones and the phenyl based derivatives to their reduced form with extended conjugation in 
the scaffold, the higher redox potential was found in thiophene based congeners. This was 
interpreted to be a direct result of the smaller aromaticity in the investigated heterocyclic 
derivative. 
 
 
Scheme 80. Redox reaction of naphthenequinones 147 and thionaphthenequionens 149 to the 
corresponding acetates and sulfonates (148 and 150).[105a] (R = acetate or sulfonate). 
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In conjugated systems, the weaker aromaticity of thiophenes thus enhances the π-conjugation 
between substituents and lowers the band-gap in comparison to similar phenylene-bridged 
systems in which electrons are more localised due to the more pronounced aromatic ring 
current. 
In the context of this thesis, it was therefore expected, that (ultimately) the use of thiophene 
as a linking unit in Si=Si-based conjugated π- systems would yield an overall bathochromic 
shift of the maximum absorption wavelength. Disilenes are well established with sterically 
demanding aromatic,[41,87,118] silyl[119] and alkyl[120] substituents for kinetic stabilisation of the 
Si=Si unit (as discussed in chapter 1.2). The thiophene group, however, has no precedence as 
a substituent or linking unit for Si=Si moieties. 
As discussed in chapter 3.1.2 iodo- and bromobenzene react with disilenide 76 in clean 
substitution reactions. Furthermore it was shown that the significant reactivity difference of 
disilenide 76 towards 4-halo-iodobenzenes (halide: F, Cl, Br) can be exploited to generate 
para-functionalised phenyldisilenes (Chapter 3.1.2), wherein iodine and bromine substituents 
react cleanly with 76 but Cl and F substituents seem to be inert.[87] 
Selected thiophenes were investigated as potential candidates for substitution reactions with 
disilenide 76 in order to clarify to what extent this building block can be established as a 
functional group in the presence of disilene functionality. Furthermore, it was aimed for a 
methododical thiophenyl disilenes functionality transformation in analogy to para-
functionalised phenyldisilenes (chapter 3.2), by introduction of halogen functionality via the 
thiophenyl substituent. Therefore 2-bromothiophene and 2-bromo-5-halo derivatives were 
studied in reactions with 76 (Scheme 81) to exploit a potentially similar reactivity difference 
of different halogen substituents to that found in phenyl based systems. 
3.7.2. Synthesis of Thiophenyldisilene 151  
In analogy to reactions of bromo- and iodobenzene[40] with disilenide 76, 2-bromothiophene 
was reacted with one equivalent of disilenide 76 in benzene at room temperature. A colour 
change from red to orange was observed immediately after addition of 76. Since 
crystallisation attempts remained unsuccessful, the crude product was characterised by 
multinuclear NMR analysis and UV/Vis spectroscopy. 
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Scheme 81. Reaction of disilenide 76 with 2-bromothiophene. 
The 1H NMR spectrum of the crude product mixture shows signals that are in agreement with 
a substitution product 151. Alongside the three singlet signals at 7.13, 7.11 and 7.06 ppm 
for the three different Tip substituents in 151 the spectrum shows two doublets and one 
double doublett signal for the three chemically inequivalent thiophene protons at 7.03 (3J 
≈ 4.5 Hz), 6.97 (3J ≈ 3.5 Hz) and 6.68 ppm (3J ≈ 5.5 Hz). Next to product related signals 
several smaller signals are visible throughout the whole spectrum. 29Si NMR spectroscopy, 
however, clearly indicates the presence of a Si-Si double bond with resonances at 58.7 
and 57.4 ppm (Figure 48). The observed chemical shift distribution is distinctly different to 
those of aryl-substituted disilenes of the Tip2Si=Si(Tip)Ar type,
[32,44,121] which show two 
markedly different resonances in the ranges of  71 to 67 ppm (SiTipR) and 62 to 55 ppm 
(SiTip2), respectively (chapter 3.1, 3.1.3 and 3.4). In contrast, the thiophene substituted 
disilene 151 features two very similar 29Si NMR signals for the disilene moiety. The weaker –
I effect of thiophene compared to phenyl substituents could be responsible for the relative 
highfield shift of the Si-thiophene resonances. 
 
Figure 48. 29Si NMR spectrum from reaction of disilenide 76 with 2-bromothiophene. 
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Additional signals of lower intensity were observed at  −9.3 and −34.3 ppm, which are 
presumably due to a saturated silicon species 152 (chapter 3.7.3, page 170), in which the 
disilene functionality is consumed by 1,2-addition of a second 2-bromothiophene on to the 
Si=Si double bond of 151. 
Only one unsaturated silicon species was formed in the reaction. This makes a UV/Vis 
absorption analysis a reasonable tool to obtain some information on the HOMO-LUMO gap 
of disilene 151 and to judge the influence of the thiophene substituent. However these results 
have to be treated as preliminary due to the presence of substantial amounts of impurities.  
The observed λmax value of 151 (438 nm) is almost identical with the value of phenyl disilene 
101 (439 nm).[40] The relative energies of the HOMO and the LUMO depend on 
electronic[71,122] as well as steric[71,94c] aspects of substituents. Therefore substitution pattern of 
the silicon double bond in 151 and 101 seems to have almost the same cumulative effect on 
the respective frontier orbitals. 
3.7.3. Reaction of Disilenide 76 with Excess 2-Bromothiophene  
Si-Si double bonds are known to react with a wide range of halogen containing reagents 
under saturation of the Si-Si double bond as discussed in chapter 1.4. The observations from 
reaction of 2-bromothiophene and one equivalent of disilenide 76 (chapter 3.7.2) necessitate a 
closer look at the interactions of such thiophene reagents with the Si=Si unit. The observation 
of saturated silicon species next to the desired thiophenyl disilene 151 (Figure 48) shows that 
additional reactions of the final product 151 with 2-bromothiophene are plausible. 
 
Scheme 82. 1,2-addition reaction of 2-bromothiophene to thiophenyl disilene 151. 
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Three equivalents of 2-bromothiophene, were added to disilenide 76 in benzene at room 
temperature to determine the nature of the side product. After initial colour change from red 
to yellow orange a gradual fading of the colour to a pale yellow was observed. 1H NMR 
spectroscopy revealed the absence of the substitution product 151. Instead disilane 152 
(Scheme 82) could be isolated as the sole reaction product and characterised by multinuclear 
NMR spectroscopy and X-ray diffraction as well as elemental analysis. Product 152 was 
crystallised from a concentrated hexane solution as colourless blocks. 1H NMR spectroscopy 
shows individual lowfield signals for most aromatic protons of 152 (Figure 49). 
 
Figure 49. 1H NMR spectrum of disilane 152 with 11 different resonances for the 12 
aromatic protons. 
It is likely that the Tip substituents in disilane 152 exhibit hindered rotation. The smaller bond 
angles compared to disilene 151 resulting from the tetra-coordination (sp3) of silicon vs. tri-
coordination (sp2) in 151 significantly increase the steric strain around the silicon centres. The 
aryl-bonded hydrogen atoms of the Tip groups consequently each show separate signals with 
a coupling constant of 4J ≈ 1.5 Hz. Similarly, the hydrogen atoms of the thiophenyl 
substituents are partly resolved with 3J ≈ 5 Hz. A local anisotropy possibly due to the close-by 
sulphur atoms could result in a strong relative offset of otherwise similar thiophenyl protons 
(  8.6 vs. 7.44 ppm). Speculatively, the pronounced lowfield shift of a single thiophenyl 
proton might also be due to attractive interactions towards the bromo substituent on Si1 
similar to observations for the dibromodisilane 135 in chapter 3.5.3.1. The 29Si-NMR 
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spectrum of disilane 152 shows signals at  −9.3 and −34.3 ppm for Si1 and Si2. On the 
basis of a 2D 1H-29Si NMR correlation the silicon resonances can be assigned to the silicon 
atom with two Tip substituents (SiTip2   −9.3 ppm) and one (SiTip   −34.3 ppm), 
respectively, which is in line with the expected relative values for silanes and electron poorer 
bromo silanes. The found 29Si NMR signals are identical with the sole side product found 
during formation of disilene 151. 
  
Figure 50. Molecular structure of 152 in the solid state (thermal ellipsoids drawn at 50% 
probability level). Protons are omitted and Tip groups are simplified for clarity. Selected bond 
lengths [Å] and angles [°] (estimated standard deviation): Si1-Si2 = 2.4155(19), Si1-C1 = 
1.919(5), Si1-C16 = 1.909(5), Br1-Si1 = 2.2951(14), Si2-C31 = 1.928(5), Si2-C46 = 
1.892(5), Si2-C50 = 1.920(4); C1-Si1-Si2 = 130.94(15), C16-Si1-Si2 = 107.83(16), C31-Si2-
Si1 = 108.91(15), C46-Si2-Si1 = 122.72(17), C50-Si2-Si1 = 110.10(12), Br1-Si1-Si2 = 
98.40(6), C16-Si1-C1 = 107.7(2), C46-Si2-C31 = 101.1(2), C50-Si2-C31 = 114.9(2), C46-
Si2-C50 = 99.05(18), C1-Si1-Br1 = 97.50(14), C16-Si1-Br1 = 113.32(15). 
X-ray diffraction confirms the constitution of the isolated product to be the 1,2-addition 
product 152 of 2-bromothiophene with the Si-Si double bond of thiophenyldisilene 151 
(Figure 50). Disilane 152 crystallises in the triclinic space group P-1. The Si1-Si2 single bond 
length (152: 2.415(19) Å; lit. 2.310 to 2.479 Å) and Si2-Br bond length (152: 2.2951(14) Å; 
lit: 2.171 to 2.294 Å) are in accordance with literature values.[106] 
The Si1-thiophenyl bonds (Si2-C46 and Si2-C50) to the thiophenyl substituents show slightly 
differing distances (1.892(5) and 1.920(4) Å). Notably, however, the thiophenyl-silicon bond 
orientated trans to the bromine atom (C46-Si2) is the shorter one suggesting a certain 
reinforcement of the Si-C bond by this spatial arrangement. The coordination environment of 
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the two silicon centres is distorted tetrahedral. The bromine-silicon bond is slightly inclined 
towards the Si-Si bond (Br-Si1-Si2 98°). The small bond angle of the bromine substituent 
(Si2-Si1-Br), compared to Tip and thiophenyl substituents, can be explained by Bent’s rule, 
which assigns a stronger p-character to bonds involving more electronegative elements.[18] 
The formation of disilane 152 from 1-bromothiophene and thiophenyldisilene 151 occurs 
regioselectively; both thiophenes are attached to the same silicon atom (Si2). The steric 
demand of a thiophene is bigger than the bromine substituent, therefore 152 is the product of 
steric control where 1-bromothiophene reacts with disilene 151 according to the space 
demand of both molecules. Additionally, the Si1 centre with two Tip groups in 151 should be 
more positively polarised compared to the Si2 centre with one thiophene substituent and one 
Tip group. The Tip groups +I effect stabilize a partial positive charge on Si1 better than the 
substituents on Si2. As a result one can expect as polarisation of the Si=Si bond according to 
Si1−-Si2+. The polarized Br-C bond of 1-bromothiophene reacts with the Si-Si double bond 
of 151 according to its own polarity C+-Br−. Therefore formation of 152 is plausibly a 
cooperative effect of sterics and electronics (Scheme 83). 
 
Scheme 83. Cooperative effect of steric strain and electronic polarisation on the 1,2-addition 
reaction of disilene 151 and 1-bromothiophene. 
3.7.4. Reactions of Disilenide 76 with one Equivalent of 2-Bromo-5-chloro- 
thiophene 
For a successive extension of the Si=Si backbone by synthetic means additional functionality 
on the π-electron scaffold is required. In analogy to reactions of 1-iodo-4-halobenzenes (hal = 
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F, Cl and Br) with disilenide 76, which afforded the para-halophenyl-disilenes 110a-c in 
spectroscopic clean form (chapter 3.1), it was assumed that dihalo-thiophenyl derivatives 
react with disilenide 76 in an analogous substitution reactions. Therefore, disilenide 76 was 
anticipated to react with 2-bromo-5-chlorothiophene under formation of the 5-chloro 
functionalised thiophenyldisilene 153 (Scheme 84). This reaction would yield a 
functionalized thiophenyl disilene that could serve as a starting point for extension of a 
thiophenyl based conjugated scaffold. It was assumed that the thiophenyl Cl-C bond would be 
comparatively inert with regards to 1,2-addition to Si=Si double bonds, in analogy to 
observations with fluoro- and chlorobenzene.[87] 
 
Scheme 84. Synthesis of the asymmetrical 5-chloro-thiophenyl disilene 153. 
3.7.4.1. Reactions of Disilenide 76 with one Equivalent of 2-bromo-5-chlorothiophene 
at Room Temperature 
To elucidate the proposed reactivity, disilenide 76 was reacted with one equivalent 2-bromo-
5-chlorothiophene in benzene at room temperature for 4 hours (Scheme 84). A colour change 
to a brownish red was observed and the crude product was analysed by 1H- and 29Si NMR 
spectroscopy. The 1H NMR gave no insight into the nature of the product due to broad and 
overlapping signals. The 29Si-NMR spectrum on the other hand shows two distinct pairs of 
resonances (Figure 51). The first pair at = 61.6 and 55.6 ppm is consistent with the targeted 
disilene 153. The second pair of resonances  = −7.0 and −16.1 ppm is in the typical 
chemical shift range of saturated silicon species. Signals of each pair had equal intensities. 
All crystallisation attempts were unsuccessful. 
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Figure 51.29Si-NMR spectrum reaction of 2-bromo-5-chloro thiophene, with disilenide 76 
after 4 weeks. 
From the reactivity studies of disilenide 76 with excess 2-bromothiophene in chapter 3.7.3, it 
was shown, that the C-Br bond in 2-bromothiophene is capable of addition reactions with the 
Si=Si moiety. These findings and the observed product distribution in the present example 
make it plausible that the chlorine functionality of disilene 153 also reacts with disilenes 
though possibly slower than found for a thiophenyl bromide.  
This process was assumed to successively consume all Si=Si units via reaction with the 
introduced chlorothiophenyl functionality. To elucidate the process, disilenide 76 was reacted 
with one equivalent of 2-bromo-5-chlorothiophene in an analogous reaction with significantly 
shorter reaction time. 
 
Figure 52. 29Si NMR spectrum from reaction of 1 equivalent of 2-bromo-5-chlorothiophene 
with disilenide 76 at room temperature (10 min reaction time). 
The reaction was stopped 10 min after addition of the 2-bromothiophene by removal of all 
volatiles.29Si NMR spectroscopy revealed a significantly bigger share of unsaturated species 
(70:30). Repeated analysis of the sample showed a slow conversion process of the 
unsaturated silicon species into the saturated. Over 4 weeks the product ratio changed from 
the initial 70:30 to a 35:65 ratio. 
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3.7.4.2. Reactions of Disilenide 76 with one Equivalent of 2-Bromo-5-
chlorothiophene at Low Temperature 
To gain further insight into the nature of side reactions of disilenide 76 with 2-bromo-5-
chloro-thiophene (chapter 3.7.4.1), the reaction was repeated at −30 °C in toluene. A lower 
temperature was assumed to slow down the suggested 1,2-addition of the chloro-thiophene 
moiety to the disilenes functionality of disilene 153 and would therefore give a higher initial 
yield of unsaturated silicon species. The slow conversion processes discussed in chapter 
3.7.4.1 would give opportunity to further manipulate the functionalised thiophenyldisilene 
153 before side reactions play a significant role. However, in contrast to expectations only 
saturated products were identified by 29Si NMR spectroscopy (Figure 53). 
 
Figure 53. 29Si NMR spectrum from reaction of disilenide 76 with 2-bromo-5-
chlorothiophene in toluene at −30 °C. 
All signals are in the highfield region of the spectrum at < 0 ppm. The two signals of 
highest intensity are identical to the two signals found from reaction of disilenide 76 with one 
equivalent 2-bromo-4-chlorothiophene in benzene at room temperature ( = −7.0 and −16.1 
ppm). Several additional signals of smaller intensity are visible between  = −2.9 and −34.1 
ppm. Crystallisation attempts remained unsuccessful. 
3.7.5. Reaction of Disilenide 76 with Excess 2-Bromo-5-chlorothiophene  
The inconclusive reaction of disilenide 76 with one equivalent 2-bromo-5-chloro thiophene 
leaves open questions regarding the relative reactivity of the different halides attached to the 
thiophene moiety. To investigate the difference in reactivity between the C-Br and a C-Cl 
bond of the thiophene halide derivative towards disilenide 76, it was treated with an excess of 
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2-bromo-5-chlorothiophene. It was anticipated that the result of the experiment would show a 
reactivity distinction between the chlorine and the bromine substituent towards 76 and 
subsequently 153 which would limit the options for the processes (as discussed in chapter 
3.7.4.). Initial reaction of disilenide 76 with the thiophene could either occur via the chlorine 
or the bromine substituent. In a second step the halo thiophenyl disilene 153 formed could 
possibly react with excess reagent in analogy to the 1,2-addition reaction product of disilene 
151 with 2-bromothiophene (chapter 3.7.3) either via the chlorine or the bromine substituent.  
The reaction was carried out in benzene at room temperature with disilenide 76 and a 
threefold excess of 2-bromo-4-chlorothiophene (Scheme 85). After initial colour change from 
red to orange by addition of the thiophene to 76 the reaction colour faded into a weak 
yellowish colour similar to observations with excess of 2-bromothiophene and disilenide 76 
(chapter 3.7.3). The crude product was crystallised from a concentrated hexane solution and 
characterised by multinuclear NMR, X-ray diffraction and elemental analysis. The isolated 
species was found to be the 1,2-addition product 154 of 2-bromo-5-chlorothiophene with the 
targeted 5-chlorothiophenyl disilene 153 (Scheme 85). 
 
Scheme 85. Reaction of disilenide 76 with excess 2-bromo-5-chlorothiophene. 
1H NMR spectroscopy shows nine different lowfield resonances for the 10 aromatic protons 
for disilane 154 (Figure 54). 
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Figure 54. 1H NMR spectrum of disilane 154 after crystallisation. 
Protons of one Tip substituent per silicon atom show individual doublet signals at  = 7.16, 
7.02, 6.95 and 6.89 ppm with coupling constants of 4J ≈ 2.5 Hz. Here, similar to the situation 
in bis(thiophenyl)disilane 152 (chapter 3.7.3), the steric hindrance caused by two bulky Tip 
substituents certainly compromises the rotation about the Si-C bonds at Si2 of 154 leading to 
an imparity of the affected meta-H atoms. One Tip group at the silicon atom Si1 (SiTip2) 
shows a singlet signal, which integrates to two protons at  = 7.05 ppm. The presence of a 
singlet despite hindered rotation is possibly due to coincidental equivalence of the hydrogen 
atoms in question, but more likely a consequence of relatively free rotation. The thiophenyl 
substituents also show individual resonances at  = 6.61, 6.65 and 7.16 ppm (below the 
benzene signal as verified by 2D 29Si-1H NMR correlation) and 8.21 ppm with coupling 
constants of 3J ≈ 4 Hz which is of expected value for thiophenes. However, the coupling 
constant is smaller than in bis(thiophenyl)disilane 152 (3J ≈ 5 Hz) the chlorine free congener 
possibly due to the electron withdrawing chlorine functionality. Also, a local anisotropy 
probably due to the neighbouring sulphur atoms results in a strong relative offset of otherwise 
similar thiophenyl protons. As mentioned for disilanes 152 proximity of the bromine 
substituent on Si1 to a single Proton might be an alternative explanation for the lowfield shift 
of a single proton.  
29Si NMR spectroscopy shows signals at  = −10.4 and −35.7 ppm for the two saturated 
silicon atoms Si1 and Si2, which are slightly highfield shifted compared to the resonances of 
the chlorine free derivative 152 ( = −9.3 and −34.3 ppm, chapter 3.7.3). 
Single crystals of 154 are readily obtained from hexane due to its comparatively low 
solubility in this solvent. The conformation of disilane 154 was verified by an X-ray 
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diffraction on a single crystal (Figure 55). Disilane 154 crystallises in a triclinic space groups 
(P-1) just as its chlorine free congener 152. Both thiophene moieties are attached to the same 
silicon atom (Si2) similar to disilane 152. The constitution of disilane 154 with one bromine 
substituent on Si1 und and two 4-chloro-thiophene-2-yl moieties on Si2 indicates the 
expected higher reactivity of the bromine-carbon bond of 2-bromo5-chlorothiophene 
substituent towards disilene 153 and disilenide 76 under the chosen reaction conditions. 
 
Figure 55. Molecular structure of disilane 154 in the solid state (thermal ellipsoids at 50% 
probability). Protons are omitted and isopropyl functionality of the Tip groups is simplified 
for clarity. Selected bond lengths [Å] and angles [°] (estimated standard deviation): Si1-Si2 = 
2.4150(9), Br1-Si1 = 2.2860(6), Si1-C1 = 1.907(2), Si1-C16 = 1.909(2), Si2-C46 = 1.898(2), 
Si2-C50 = 1.904(2), Si2-C31 = 1.916(2) Cl1-C49 = 1.716(3), Cl2-C53 = 1.720(3); Br1-Si1-
Si2 = 97.47(3), C1-Si1-Si2 = 126.03(8), C16-Si1-Si2 = 111.22(7), C46-Si2-Si1 = 107.35(8), 
C50-Si2-Si1 = 120.49(8), C31-Si2-Si1 = 108.08(8). 
Generally speaking the solid state structures of both bis(thiophenyl)disilanes, 152 and 154, 
are almost identical (Table 5).  
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Table 5. Selected solid state structure values of disilanes 152 and 154. 
Disilanes 
Si-Si distance 
[Å] 
Si-Br distance 
[Å] 
 Si1-Si2-Br 
angle [°]  
Si-Cthiophenyl distance 
[Å] 
152 (tetrahedral 
distorted) 
2.4155(19) 2.2951(14) 98.40(6) 1.898(2)/ 1.904(2) 
154 (tetrahedral 
distorted) 
2.4150(9) 2.2860(6) 97.47(3) 1.892(5)/1.920(4) 
 
3.7.6. Attempted in situ Functionalization of 5-Chlorothiophenyldisilene 153 
Since isolation of chlorothiophenyl disilene 153 was unsuccessful, it was attempted to 
functionalise 153 in situ at low temperature. Successive activation of the chlorine position in 
153 on the thiophenyl substituent via lithiation, without prior isolation, could offer a solution 
to the stability issue of 153 discussed in chapter 3.7.4.2 (Scheme 86).  
As described in chapter 3.2.2.2, the disilene functionality is not affected by the reactive tBuLi 
or its side products during lithiation reactions at low temperature. It was anticipated that 
thiophenyl substituted disilene derivatives would show a similar tolerance and allow in situ 
transformation of the chlorine functionality in 153 before the previously discussed side 
reactions become relevant. 
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Scheme 86. Proposed reaction of 2-bromo-5-chlorothiophene with disilenide 76 in a one pot 
reaction to (5-trimethylsily)thiophene-2-yl disilene 156. 
The reaction was carried out at −80 °C by addition of 2-bromo-5-chlorothiophene to 
disilenide 76 in diethyl ether. The successive lithiation of the thiophene moiety of 153 with 
tBuLi was assumed to generate a lithiated thiophenyldisilene 155 which would then be 
quenched with TMS-Cl. Disilenide 76 and the dihalothiophene were reacted in diethyl ether 
for 3 h at −80 °C. A colour change from the orange-red colour of disilenide 76 to a redder tint 
was observed. Subsequently two equivalents of tBuLi were added to the reaction mixture. 
After warming to −50 °C for elimination of tBuBr and tBuLi to isobutene, TMS-Cl was added 
and temperature was held at −90 °C for another two hours. After warming to room 
temperature an orange-coloured product was obtained. 
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Figure 56. 29Si NMR spectrum from one pot reaction of disilenide 76 and 2-bromo-5-chloro 
thiophene, followed by quenching with TMS-Cl. 
Interestingly, the 29Si NMR spectrum shows signals of significant intensity that can be 
attributed to an unsaturated silicon species with signals at  = 97.3 and 50.4 ppm. Together 
with a signal at  = −8.7 ppm these resonances might correspond to the TMS substituted 
disilene 157 (Figure 57) reported by Scheschkewitz in 2004.[77]  
 
Figure 57. Reaction of disilenide 76 with TMS-Cl.[77] 
Additionally several other species were formed with resonances between  = −2.9 and −70.4 
ppm (Figure 56). Taking all 29Si NMR signals into account, the disilene 157 has a significant 
share of about 40 % in the product mixture. Although extended reactions times of disilenide 
76 and 2-bromo-5-chlorothiophene have been applied, formation of 157 was still observed as 
a major product. Apparently, under the given conditions 2-bromo-5-chlorothiophene reacts 
rather with the added tBuLi than with disilenide 76, which leads to the observed distribution 
of saturated silicon containing products after addition of TMS-Cl and also to the formation of 
disilene 157. 
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3.7.7. Attempted Formation of Suitable Precursor for Functionalised 
Thiophenyldisilenes  
Direct functionalization of disilenide 76 with 2-bromo-5-chlorothiophene was not found to be 
a suitable access point to functionalised thiophenyl disilenes due to side reactions during 
formation of disilene 153 at either room temperature or low temperature.  
For phenyl-substituted disilenes an alternative synthetic route was discussed in chapter 3.4 
and 3.6 (see Figure 58 for example). The initial formation of the targeted molecular scaffold 
(129) and introduction of the disilenyl functionality in a final step would be a viable 
alternative. The residual phenyl bromide functionality in 129 is accessible without the 
application of the highly reactive reagents necessary for preparation of the intermediate 4-
lithiophenyldisilene 117. It would also eliminate the necessity of 5-chlorothiophenyl disilene 
153, which could not be obtained in pure form. 
 
Figure 58. Example of proposed synthesis of functionalised disilenes via prior preparation of 
a functionalised backbone and subsequent reaction with disilenide 76. 
Here, this method was investigated with regards to the synthesis of thiophenyl precursors that 
are already functionalised. In contrast to the reaction of disilenide 76 with 2-bromo-5-
chlorothiophene, the final product 159 would not bear a functionality directly attached to the 
thiophene but rather dichlorosilyl moiety which was previously found to be inert towards the 
Si-Si double bond (Scheme 87). 
 76 129 124 
184 
 
 
 
Scheme 87. Proposed synthesis of thiophenyl substituted chlorosilane 158 as an alternative 
synthetic route to thiophenyl functionalised disilenes (159). 
In order to synthesise 158 2,5-dibromothiophene was monolithiated with one equivalent 
nBuLi in hexane at room temperature and then reacted with one equivalent TipSiCl3 96 by 
slow addition of a hexane solution at −78 °C. After removal of insoluble material by filtration 
from hexane the 29Si NMR spectrum shows three different silanes with signals at  = −4.1, 
−4.4 and −5.6 ppm (Figure 59). The products were not separable by crystallisation or 
sublimation attempts and no further actions were taken in that context.  
 
Figure 59. 29Si NMR spectrum from reaction of mono lithiated 2,5-dibromo thiophene with 
TipSiCl3 96. 
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3.7.8. Extended Conjugated Disilene Systems Based on Thiophenes 
Since stepwise formation of thiophenyl based conjugated disilenes was not successful 
introduction of multiple disilenyl functionality in one pot reactions was taken into 
consideration. The phenylene bridged derivatives 1,4-bis(disilenyl)benzene 15[105b] and 1,4’-
bis(disilenyl)biphenyl[123] 17 (see Scheme 9, page 52) had been synthesised by Scheschkewitz 
et al. using such an approach. The individual conjugated organic linking units were found to 
allow π-electron conjugation between the Si=Si, which was also verified by computational 
calculations for 15.[87] On the basis of the discussed synthesis of thiophenyl disilene 151 and 
the preliminary results in Scheschkewitz group (15 and 17) the thiophenylene-bridged 
tetrasiladiene 160 (chapter 3.7.8.1) and bithiophenylene-bridged tetrasiladiene 162 (chapter 
3.7.8.2) were synthesised and analysed by all applicable analytical means (Scheme 88). 
 
Scheme 88. Investigated thiophenylene and bithiophenylene bridged representatives of 
conjugated tetrasiladienes 160 and 162. 
The close resemblance to the phenylene based systems 15 and 17 was assumed to give insight 
to the actual ability of thiophenes to enhance communication between Si=Si units. 
3.7.8.1. Synthesis of 2,5-Bisdisilenylthiophene 160 
In analogy to the synthesis of 15 from 1,4-diiodobenzene, 2,5-dibromothiophene was 
anticipated to react with two equivalents of disilenide 76 to yield the thiophene bridged 
tetrasiladiene 160 (Scheme 89). The reaction was carried out by addition of a benzene 
solution of disilenide 76 to a benzene solution of 2,5-dibromothiophene at room temperature. 
A single product was formed and was characterised by means of multinuclear NMR and 
UV/Vis spectroscopy. 
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Scheme 89. Reaction of two equivalents of disilenide 76 with 2,5-dibromothiophene.  
The 1H NMR spectrum of the crude product shows one distinct singlet at  = 6.37 ppm which 
can be attributed to the two equivalent thiophene protons of the linking unit and the three 
singlet signals for the three different Tip groups at  = 7.01, 7.05 and 7.06 ppm.  
The 29Si NMR spectrum shows two signals of almost identical chemical shift value of  = 
58.3 (Si1) and 58.1 ppm (Si2). These lowfield shifted signals are a strong indication for the 
presence of a Si-Si double bond moiety (Figure 60).  
 
Figure 60. 29Si NMR spectrum of crude tetrasiladiene 160. 
The small signal difference of the silicon atoms makes an accurate assignment difficult. 
However, on the basis of a 2D 29Si-1H correlation experiment it seems that the 29Si NMR 
signal at highfield belongs to the thiophene substituted silicon atom which is the contrary to 
what is observed for phenyl substituted asymmetric disilenes but in accordance with findings 
of thiophenyl disilene 151. 
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Thiophenylene-bridged tetrasiladiene 160 shows a maximum absorption wavelength of 512 
nm in the UV/Vis spectrum which is slightly red shifted by about 4 nm compared to the 
phenylene-bridged congener 15.[105b]  
3.7.8.2. Synthesis of 2,2’-Bisdisilenylbithiophene 162 
In analogy to the successful synthesis of thiophenylene bridged tetrasiladiene 160 and 
bis(4,4’-disilenylphenyl) 17[42], 2,2’-dibromobithiophene 161, was anticipated to react with 
two equivalents of disilenide 76 in a comparably clean substitution reaction. 
161 was prepared according to literature procedures by mono lithiation of 2,5-
dibromothiophene with nBuLi in diethyl ether at −78 °C and CuBr2 mediated coupling of two 
thiophenyl units (see chapter 5 for details).[124] Addition of 2,2’-dibromobithiophene 161 in 
benzene to a benzene solution of two equivalents disilenide 76 at room temperature yielded a 
single product according to NMR spectroscopy (Scheme 90). Constitution of 
bis(thiophenylene)-bridged tetrasiladiene 162 was verified by X-ray diffraction analysis from 
a single crystal, obtained from a concentrated hexane solution.  
 
Scheme 90. Reaction of 2,2’-dibromobithiophene 161 with two equivalents of disilenide 76. 
The 1H NMR spectrum of 162 shows two doublet signals which can be assigned to the two 
different thiophenyl protons of the bithiophene linker. The respective chemical shift values 
are  = 6.78 and 6.66 ppm with a coupling constant of 3J ≈ 3.5 Hz expectable for thiophene 
species.[125] Additionally, the three inequivalent Tip groups show lowfield resonances at  = 
7.21, 7.12 and 7.08 ppm as singlet signals. The 29Si NMR spectrum (Figure 61) shows 
resonances at  = 59.5 (Si1) and 56.1 ppm (Si2) of which the highfield shifted signal belongs 
to the thiophene containing silicon atom according to 2D 29Si-1H NMR correlation analysis. 
This is analogue to findings for tetrasiladiene 160 and thiophenyldisilene 151. 
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Figure 61.29Si NMR spectrum of tetrasiladiene 162 
Tetrasiladiene 162 shows a smaller λmax value of 490 nm compared to tetrasiladiene 160 (λmax 
= 512 nm). This observation is in agreement with the discoveries of Dr. Bejan during her PhD 
studies with tetrasiladiene 17 for which she reported a blue shift in the UV/Vis spectrum in 
relation to tetrasiladiene 15.[123] Despite a more extended conjugated π-electron system in 162 
compared to 160, the twist along the bithiophene axis in 162 possibly disturbs the π-electron 
conjugation and hence lowers the observed λmax value. 
 
Figure 62. Molecular structure of tetrasiladiene 162 in the solid state (thermal ellipsoids at 
50% probability). Protons are omitted and isopropyl functionality of the Tip groups is 
simplified for clarity. Selected bond lengths [Å] and angles [°] (estimated standard deviation): 
Si1-Si2 = 2.1455(19), Si1-C1 = 1.883(4), Si1-C16 = 1.895(4), Si2-C31 = 1.880(4), Si2-C46 = 
1.889(4); C1-Si1-Si2 = 128.96(16), C16-Si1-Si2 = 117.48(14), C31-Si2-Si1 = 121.16(15), 
C46-Si2-Si1 = 124.59(15). 
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Tetrasiladiene 162 crystalizes in a triclinic space group (C2, Figure 62). The two Si=Si bonds 
are 2.1455(19) Å long which is in the expected region for aryl substituted disilenes.[106] The 
two Si-Si double bonds experience a rather coplanar arrangement, but the bithiophenylene 
bridge is twisted out of the plane by about 39.9°. The trans-bent angles are θ = 8.97 (Si1) and 
0° (Si2). Also a twist of τ = 11.01° was observed. Si-C bonds to the aryl and thiophenyl 
carbons range from 1.880(4) to 1.895(4) Å which is in agreement with literature values.[106]  
3.7.9. Conclusion 
Thiophenyl was investigated regarding its suitability as a substituent for disilenes. Reaction of 
disilenide 76 with 2-bromothiophenylbenzene furnished thiophenyldisilene 151 although 
reaction did not proceed as cleanly as with aryl bromides. Disilane 152 was detected as the 
side product and is the 1,2-addition product of 151 and 2-bromothiophene. Analogous 
reactions with 2-bromo-5-chlorothiophene with disilenide 76 proceeded via the bromine 
substituent and 76. From spectroscopic evidence it is anticipated that the resulting 5-
chlorothiophenyldisilene 153 shows instability due to the chlorothiophenyl bond’s ability to 
react with the Si=Si unit over time in an 1,2-addition reaction elucidated by 29Si NMR 
spectroscopy. In situ functionalization of 153 by activation with tBuLi and subsequent 
quenching with TMS-Cl disclosed a very slow reaction between disilenide 76 and 2-bromo-5-
chlorothiophene at low temperature. The main unsaturated silicon product was found to be 
disilene 157 from direct reaction of 76 and TMS-Cl. An alternative route of synthesis for 
functionalised thiophenyldisilenes was anticipated to be available via analogous reactions to 
chapter 3.4 and 3.6 where desired scaffolds were reacted with disilenide 76 in a final step via 
arylbromide functionality. Although a pre-functionalization of suitable thiophenyl based 
precursors (158) offers a potential alternative synthetic approach to functionalised thiophenyl 
disilenes, the issue of isolation of suitable candidates still has to be solved. Thiophenylene 
and bithiophenylene bridged tetrasiladienes 160 and 162 were prepared from suitable 
precursors in reactions with disilenide 76. The former, thiophenylene-bridged 160, shows a 
small red shift compared to the phenylene bridged analogue 15. The almost freely rotating C-
C bond along the bithiophenylene axis in 162 seems to disturb the π-conjugation and hence 
lead to a distinct blue shift of the λmax value in comparison to 160. 
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3.8.1. Introduction 
Preliminary studies by Scheschkewitz et al. showed a general tolerance of the Si-Si double 
bond towards tertiary amine functionality.[42] 4-(N,N-Dimethylamino)phenyl substituted 
disilene 166 and tris(para-disilenylphenyl)amine 168 (Scheme 91) were synthesised  via 
reaction of disilenide 76 with tertiary amine substituted arylhalides and were formed in 
spectroscopic pure form in one pot reactions.  
Systematic examination of the mono- (166), di- (167) and tri- (168) substitution products 
(Scheme 91) was assumed to give insight into the influence of the amine backbone’s growing 
degree of substitution on the band gap of the Si=Si units. Therefore the disilenylphenyl 
substituted amine 167 was synthesised and studied by multinuclear NMR and UV/Vis 
spectroscopy as well as X-ray diffraction. Missing spectroscopic details of 168 were 
completed by means of UV/Vis spectroscopy and X-ray diffraction. A schematic assessment 
of the molecular orbital situation in disilenylphenyl amines 166 (I), 167 (II) and 168 (III) is 
displayed in Scheme 92. The HOMO and LUMO of disilenes is localised at the Si-Si double 
bond. Collinear arrangement of the nitrogen lone pair with the π*-orbitals of the conjugated 
phenyl disilene system would allow positive interaction with the anti-bonding orbital of the 
Si=Si unit (LUMO). Additional phenyl disilene units organised around the central nitrogen 
atom would provide further bonding interactions via the nitrogen linker. Therefore the LUMO 
is lowered in energy consequently narrowing the HOMO-LUMO gap which results in a 
bathochromic shift of the λmax value. 
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Scheme 91. Tertiary disilenylphenyl amines 166, 167 and 168. 
In this context, the influence of even further extended amine backbones was also investigated. 
Two representatives of dendritic amine based systems, so called starburst amines, 178[126] and 
180[126b,127] (Scheme 93), were furnished with six disilenyl moieties in para-position and 
studied by multinuclear NMR techniques, UV/Vis and mass spectrometry. Furthermore, the 
chosen examples also allow a comparison of the influence of increased scaffold rigidity on 
the band gap of the Si=Si unit. The stiff carbazol units in 178 reduce the ability to balance the 
steric demand of introduced disilenyl functionalities by appropriate relative orientation 
compared to the exclusively phenyl based scaffold of amine 180. Close proximity of the 
bulky Si=Si units was assumed to lead to deformational arrangements (increased trans-
bent/twist) and hence to a change of the Si=Si band gap. As introduced in chapter 1.2, 
deformation of the Si-Si double bond decreases orbital overlap and hence lowers the bond 
strength. The weakened bond experiences less stabilisation due to an increase in HOMO 
energy which decreases the energy gap to the LUMO. 
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Scheme 92. HOMO-LUMO considerations explaining the stabilising effect on the LUMO 
energy levels of nitrogen linked phenyl disilene units. The more aryl disilene substituents 
present, the bigger the bonding interactions of the LUMO via the Nitrogen p-orbital 
(I → III). 
 
Scheme 93. Dendritic amine based systems 178 and 180 based on a carbazoyl- and 
diphenylamino substituted triphenylamine core. 
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3.8.2. Synthesis of Tertiary Disilenylphenylamines 166-168 
To describe a comprehensive picture of the properties of disilenylphenyl substituted tertiary 
amines, initial findings by Scheschkewitz et al. are included in the following discussion.[42] 
All spectroscopic data of 4-(N,N-dimethylamino)phenyl substituted disilene 166 as well as all 
NMR spectroscopic data of tris(para-disilenylphenyl)amine 168 are taken from the 
literature.[40]  
The disilenylphenylamino derivatives 166-168 were prepared from 4-bromo-N,N-
dimethylaniline 163, bis(4-bromophenyl)methylamine 164 and tris(4-bromophenyl)amine 
165 with the appropriate number of equivalents of disilenide 76 (1-3 eq) in benzene at room 
temperature (Scheme 94). Elongated reaction times for complete conversion (3 h - 48 h) were 
necessary with increasing numbers of introduced disilenyl units. NMR spectroscopic analysis 
of the crude products showed an overall quantitative conversion to the desired 
disilenylphenylamino derivatives (166 to 168). Crystallisation from hexane afforded 
crystalline product in overall acceptable yields (166: 73 %, 167: 32 %; 168: 73 %). 
 
Scheme 94. Introduction of disilenyl units (166-168) to tertiary bromoarly amines. 
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Each disilenylphenyl amine (166-168) was fully characterised by means of multinuclear 
NMR and UV/Vis spectroscopy as well as elemental analysis and X-ray diffraction (Figure 
64-66). Selected spectroscopic data of 166-168 is listed in Table 6. 
Table 6. Spectroscopic data of disilenylphenyl amines 166-168. 
             166               167               168 
29Si1a [ppm] 75.0 72.7 71.9 
29Si2b [ppm] 48.9 52.6 53.8 
1JSi1,Si2 [Hz] 149.2 150.6 151.5 
d(Si1-Si2) [Å] 2.1524(6) 
2.1380(7), 
2.1756(6) 
 
- 
Si1
c [°] 5.9 1.28, 19.5 - 
Si2
c [°] 13.5 1.76, 23.3 - 
 d [°] 8.51 5.97, 4.98 - 
λmax [nm] 442 448 460 
 [103·M-1cm-1] 22.0 20.4 67.0 
aSiTip, bSiTip2, ctrans-bent angle ( = 90° – angle between Si1-Si2 vector and normale of plane defined by SiX 
and pending substituents), dtwist angle ( = angle between normale of two planes each defined by one of the 
silicon atoms and pending substituents). 
1H NMR spectroscopy shows the expected two lowfield signals for the corresponding ortho- 
and meta-protons of the phenylene units for each derivative (166:  = 7.36 and 7.26 ppm; 
167:  = 7.30 and 6.61 ppm; 168:  =7.27 and 6.77 ppm). All examples show the expected 
coupling constant of 3J ≈ 8 Hz for the ortho- and meta-doublets. 
The three singlets for the Tip substituents of the Si–Si double bonds from disilenylphenyl 
amines 166-168 exhibit only a relative chemical shift of 0.02 ppm from 166 to 168. 
According to 29Si NMR spectroscopy the Si=Si units in 167 as well as in 168 are 
magnetically equivalent in solution and hence only two signals per derivative are observed 
(Figure 63). The lowfield signal of each derivative is assigned to the phenyl amine carrying 
silicon atom, based on 2D 29Si-1H correlation. This is in agreement with other asymmetrically 
substituted aryl disilenes discussed in this thesis (chapter 3.1, 3.4 and 3.6) or reported in 
literature.[40-41] 
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Figure 63. Representative 29Si NMR spectrum of bis(4-disilenylphenyl)-methylamine 167. 
UV/Vis spectroscopy shows a slight bathochromic shift of λmax (442 → 460 nm) from mono- 
to threefold substitution (Table 6, page 194). The relative λmax red shift compared to phenyl 
disilene 101 (439 nm)[22] ranges from 3 to 21 nm which is much lower than the reported red-
shift for -conjugated 1,4-phenylene bridged disilenyl units (λmax = 69 nm, see chapter 
1.2).[40] A straightforward correlation of structural parameters with the electronic influence of 
the amine functionality is not possible since steric interaction between the bulky disilene 
substituents, especially in 167 and 168, cannot be neglected. 
As discussed in chapter 3.8.1 the disilenylphenylamino systems 167 and 168 might show 
communication between disilenylphenyl units via the nitrogen linker which leads to a 
narrowing of the band gap through extension of the LUMO visible by the red shift of the λmax 
value. However, the overall moderate red-shift from 166 to 168 may also be due to the 
increasing –I-effect of the para-amine group through the growing number of its aromatic 
substituents from disilenylphenylamino derivative 166 to 168 (Scheme 95). Although strong 
disorder in the packing of hexasilatriene 168 makes a discussion of structural parameters 
impossible, the assumed constitution could be confirmed (Figure 66). A direct comparison of 
structural data of 166 and 167 sheds light on some interesting features. Disilene 166 
crystallises in triclinic space group (P-1). The Si–Si bond distance is 2.1524(6) Å which is in 
accordance with literature values (2.140 to 2.229 Å).[106] 
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Scheme 95. Increasing influence of electronegativity on individual Si=Si units by the tertiary-
4-amino moiety due to increasing number of phenyl substituents. Additional Si-Si double 
bonds are left out from the picture to underline the molecule scaffold’s role.  
Tetrasiladiene 167 has a monoclinic unit cell with C2/2 symmetry and unequal Si–Si bond 
distances for the individual disilenyl functionalities (2.1380(7) and 2.1756(6) Å), i.e. one is 
longer and one is shorter compared to the Si–Si double bond of disilene 166. However the 
differences in bond lengths and angles of the Si=Si units of 167 in the solid state can be 
rationalised with the shallow energy potential surface for the distortion of Si=Si double bonds 
in magnitude of crystal packing forces.[128] 
  
Figure 64. Molecular structure of disilene 166 in the solid state (thermal ellipsoids at 50 % 
probability). Protons are omitted and Tip groups are simplified for clarity.[42] Selected bond 
lengths [Å] and angles [°] (estimated standard deviation): Si1-Si2 = 2.1524(6), Si1-C1 = 
1.8860(17), Si1-C46 = 1.8574(17), Si2-C16 = 1.8932(16), Si2-C31 = 1.8950(15);C1-Si1-Si2 
= 123.81(6), C16-Si2-Si1 = 116.55(5), C31-Si2-Si1 = 125.40(5), C46-Si1-Si2 = 121.95(6), 
C46-Si1-C1 = 113.84(7).[40] 
 
167 166 
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For both derivatives (166 and 167) the wider trans-bent angle (of the Si-Si double bond is 
located at the SiTip2 end of the disilenyl moieties. The disilene trans-bent angles in 167 differ 
significantly (Table 6) with one bigger and one smaller than the trans-bent angle in 166 
(13.5° - 166; 1.76 and 23.3° - 167). The bigger twist angle in 167 belongs to the disilenyl 
group with the smaller trans-bent angle.  
 
Figure 65. Molecular structure of 167 in the solid state (thermal ellipsoids at 50 % 
probability). Protons are omitted and Tip groups are simplified for clarity. Selected bond 
lengths [Å] and angles [°] (estimated standard deviation): Si1-Si2 = 2.1380(7), Si1-C4 = 
1.8627(17), Si1-C14 = 1.8877(17), Si2-C29 = 1.8869(17), Si2-C44 = 1.8931(16), Si3-Si4 = 
2.1756(6), Si3-C10 = 1.8576(17), Si3-C59 = 1.8819(17), Si4-C74 = 1.8901(18), Si4-C89 = 
1.8889(18); C4-Si1-Si2 = 120.21(6), C14-Si1-Si2 = 123.66(6), C29-Si2-Si1 = 119.06(6), 
C44-Si2-Si1 = 123.51(5), C4-Si1-C14 = 116.11(8), C29-Si2-C44 = 117.40(7), C10-Si3-Si4 = 
116.32(6), C59-Si3-Si4 = 121.08(5), C74-Si4-Si3 = 127.45(6), C89-Si4-Si3 = 113.47(6), 
C10-Si3-C59 = 116.94(7), C89-Si4-C74 = 114.84. 
However, despite the different steric influences on the Si-Si double bond in 166 and 167, the 
correlation between the trans-bent angle and the Si=Si bond length predicted by the CGMT 
model is preserved.[19,26a,93]  
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Figure 66. Molecular structure of 168 in the solid state (thermal ellipsoids at 50 % 
probability Protons are omitted and Tip groups are simplified for clarity. 
3.8.3. Reaction of Disilenide 76 with Bis(4-bromop2henyl)amine 169 
A general drawback of disilenylphenylamino derivatives 166 to 168 is the lack of functional 
groups in the backbone, which prevents further feasible manipulation under preservation of 
the Si–Si double bonds. Therefore, all manipulation to the scaffold has to be completed 
before introduction of the Si=Si units since reaction conditions for manipulations of tertiary 
amines are generally not suitable in the presence of disilenes. However, reaction of disilenide 
76 with 4-bromo substituted secondary phenylamines would afford tetrasiladienes with 
transformable (N-H) functionality and hence allow manipulations after introduction of the Si-
Si double bond. Here, the reaction of bis(4-bromophenyl)amine 169 (Scheme 96) with two 
and three equivalents of 76 was investigated. Amine 169 provides a backbone with a residual 
nitrogen-bonded functionality, which could conveniently be used for the alteration of the 
steric and electronic properties of the nitrogen linker via common manipulations after 
introduction of the disilene units. 
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As mentioned in chapter 1.4 there are only few reports in literature for disilenes that react 
readily with amines in 1,2-addition reactions of the nitrogen-hydrogen bond.[42,129] Therefore, 
it was assumed that disilenes with secondary phenylamine functionalities would not 
decompose by reactions between the two functional groups (Si=Si vs. R2NH)  
However, the common approach for the introduction of Si=Si units to an aryl scaffold via 
disilenide 76 raises issues in the present example. Generally, the silicon based vinyl anion 76 
can react as a nucleophile, but can also act as a base and would therefore deprotonate the 
secondary amines (I) rather than engage the halogenated aryl functionality in a nucleophilic 
attack (II) as illustrated in Scheme 96. 
 
Scheme 96. Potential points of attack for disilenide 76 on bis(4-bromophenyl)amine 169. (I: 
acid-base reaction; II: nucleophilic attack). 
To gain some insight into the reactivity of disilenide 76 towards the secondary amine 169 
three equivalents of 76 were reacted with 169. One equivalent of 76 was assumed to 
deprotonate the amine while the second and third equivalent would attack the bromine 
positions on the aryl substituents in amine 169. 
The reaction was carried out by dropwise addition of disilenide 76 to 169 in diethyl ether at 
−78 °C followed by slow warming to room temperature. A purple-red crystalline substance 
was isolated by crystallisation from hexane, which was identified as the formal mono HBr 
adduct 173 (Scheme 97) of tetrasilabutadiene[130] 13 by X-ray diffraction of single crystals 
(Figure 68). Assumingly disilenide 76 reacts in an acid-base reaction with secondary amine 
169 to disilene 171 (Scheme 97), which is attacked by a second equivalent of 76 to form the 
 
169 
76 
200 
 
anionic species 172. In a final step 172 would abstract the bromine from the formed amide 
170 to form the observed disilanyldisilene. 
 
Scheme 97. Assumed reaction mechanism for formation of disilanyldisilene 173 from 
reaction of disilenide 76 with the secondary amine 169. 
However, the proposed mechanism does not explain disposition of the third equivalent of 76. 
1H NMR analysis is for the most part inconclusive since the diagnostic aromatic signals are 
overlapping. However, 29Si NMR spectroscopy was carried out twice, before and after 
successful crystallisation, verifying 173 to be the major silicon containing product of the 
reaction (Figure 67). Only minor impurities could be identified ( = 88.6 and 43.9 ppm, 
Figure 67) the according signals can be attributed to tetrasilabutadiene[130] 13. Disilene 173 
shows four distinct signals of equal intensity between  = 92.5 to −58.7 ppm (Figure 67). An 
absolute assignment of 29Si NMR signals based on 2D 29Si-1H NMR correlation is possible, 
despite the poor resolution in the 1H NMR spectrum. 29Si NMR signals are in agreement with 
literature data for each type of silicon atom in disilene 173.  
The two signals at  = 92.5 and 54.5 ppm exhibit the typical lowfield shift of unsaturated 
silicon atoms and show chemical shift similar to tetrasilabutadiene 13[130] ( = 88.6 and 43.9 
ppm) and the unsymmetrically substituted disilene Tip2Si=SiTipSiMe3
[77] 157 ( = 50.9 and 
97.7 ppm). The signal at higher field for both literature examples belong to the SiTip2 groups 
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and corresponds nicely to the signal at  = 54.5 ppm of 173 (Si1 see Figure 68 and Figure 67). 
2D 29Si-1H NMR correlation confirms the bonding of the silicon atom in question to two 
aromatic substituents (Si1Tip2). 
 
Figure 67. 29Si NMR spectrum of disilene 173 before crystallisation. 
The signal at  = 92.5 ppm can be assigned to silicon atom Si2 for the same reason (Figure 
68). For both literature examples (tetrasilabutadiene 13:  = 88.6 ppm and TMS-disilene 
157: = 97.7 ppm) as well as for disilene 173 ( = 92.6 ppm) the low filed signal is located 
between typical values for silyl substituted disilenes[32] (lit. 104 to 159 ppm) and aryl 
substituted disilenes[32,40-41,131] (lit. 48 to 72 ppm) which can be explained by the mixed 
substitution pattern at the corresponding silicon atom (aryl + silyl). 
The 29Si NMR signal at  = −6.6 ppm is in the typical range where silyl substituted silanes 
(Si-H) show resonance and corresponds to Si3 in 173. 2D 29Si-1H NMR correlation confirms 
the bonding of proton H3 (Si-H, Figure 68) with a typical chemical shift value for SiH of  = 
6.06 ppm in the 1H NMR spectrum to the Si3 centre. However, the low resolution of the 2D 
29Si-1H NMR Spectrum impedes assignment of the according 1J coupling constant. The 
bromine substituted atom Si4 shows a strong highfield shift (−58.7 ppm) which is probably 
due to a combined influence of the +I-effect of the Tip groups the +M-effect of the bromine 
substituent and also a likely collinear arrangement of a σ* orbital on Si4 and the Si3-H bond 
in solution which would allow hyperconjugation and hence provide additional electron 
density leading to the observed shielding. 
None of the NMR techniques applied elucidated the fate of the secondary amine 169 that was 
initially reacted with disilenide 76 (Scheme 97, page 200). 
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UV/Vis absorption spectroscopy shows a maximum absorption wave length of λmax 439 nm, 
which is in accordance with reported aryl disilenes (439 - 472 nm).[40-41,44,87] Incidentally 173 
shows the same λmax value as found for phenyl disilene 101.
[40]The purple-red appearance of 
173 in the solid state could be due to incorporation of small amounts of tetrasilabutadiene 13, 
which is of purple colour (λmax = 518 nm). 
Disilene 173 was obtained as red blocks from a concentrated hexane solution at low 
temperature (−35 °C) and crystallises in a monoclinic space group (P2). The Si1-Si2 bond 
distance is of typical length for silicon double bonds (2.1873(9) Å; lit 2.140 to 2.229 Å)[106] 
with a significant torsion angle of about 17.97° but a trans-bent angle of only 1.23° for the 
Si1Tip2 unit and 0.6° for TipSi2Si3 plane, respectively. The almost planar arrangement is 
evidenced by the sum of angles around Si1 (Ʃ = 359.98°) and Si2 (Ʃ = 359.99°). The high 
degree of torsion can be explained by the heteroleptic substitution pattern on Si2 with one Tip 
group and one sterically demanding silane substituent (disilane Si3-Si4). Torsion of the Si-Si 
double bond induces distance to the opposed bulky groups on Si1 and Si2 which reduces the 
steric strain. Si1 has a symmetric substitution pattern (Tip2Si1) with similar angles 
(123.08(7)° and 127.76(8)°) between each of the two Tip groups and the Si1-Si2 double 
bond. The sterical demand of the disilanyl moiety on Si2 and the eclipsed arrangement of the 
Tip groups on Si1 and Si4 cause a widening of the Si1-Si2-Si3 bond angle to 143.31(3)° 
which is significantly enlarged from the optimum 120° of a sp2 trigonal planar arrangement. 
The Si2-Si3-Si4 bond angle experiences the same situation with an enlarged angle of 139.4°, 
which differs significantly from the optimum tetrahedral arrangement. The proton on Si3 and 
the bromine on Si4 are orientated in opposite directions and the Si4-Br bond distances 
(2.2686(7) Å; lit. 2.171 to 2.294 Å) is in agreement with literature values.[106] 
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Figure 68. Molecular structure of disilene 173, the formal 1:1 adduct of tetrasiladiene 13[130] 
and HBr, in the solid state (thermal ellipsoids at 50 % probability). Protons are omitted and 
Tip groups are simplified for clarity. Si1-Si2 = 2.1873(9), Si(2)-Si3 = 2.3933(9), Si3-Si4 = 
2.3986(8), Si1-C1 = 1.908(2), Si1-C16 = 1.907(2), Si2-C31 = 1.911(2), Si3-C46 = 1.923(2), 
Si4-C61 = 1.923(2), Si4-C76 = 1.915(2); Si1-Si2-Si3 = 143.31(3), C1-Si1-Si2 = 127.76(8), 
C16-Si1-Si2 = 123.08(7), C31-Si2-Si1 = 115.73(7), Br1-Si4-Si3 = 106.56(3). 
3.8.4. Reaction of Disilenide 76 with Secondary Amides 
On the basis of the unexpected formation of disilene 173 (chapter 3.8.3) from reaction of 
bis(para-bromophenyl)amine 169 with three equivalents of disilenide 76 it was speculated 
that the intermediate formation of disilene 171 (Scheme 98) needs to be prevented in order to 
obtain a uniform product from reaction with disilenide 76 (Scheme 99 for proposed 
mechanism). Prior replacement of the proton in 169 by suitable counter ions was investigated 
for reactions of the secondary amine with disilenide 76 (Scheme 99). Lithium and 
tetrabutylammonium cations (Scheme 99) were examined concerning their suitability as 
protective counter ions for the secondary amide functionality. This would provide 
representative amides with one hard close contact cation (Li+, 170) and one soft space filling 
cation (nBu4N
+, 175). 
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Scheme 98. Assumed acid-base reaction of disilenide 76 with secondary amine 169. 
Lithiation of 169 was achieved by reaction with one equivalent of nBuLi in hexane at low 
temperature. Amide 170 (Scheme 99) precipitates from the solvent and was collected by 
filtration. The amide 175 (Scheme 99) was obtained from 170 by addition of 
tetrabutylammonium chloride in diethyl ether at 0 °C. Due to their temperature sensitive 
nature the secondary amides 170 and 175 were freshly prepared and reacted in situ with two 
equivalents of disilenide 76 in diethyl ether at low temperature as well as at room 
temperature.  
 
 
Scheme 99. Attempted formation of disilenylphenyl amides 174 and 176. 
According to 29Si NMR spectroscopy reactions of 170 or 175 with two equivalents of 
disilenide 76 did not yield the desired bis(disilenylphenyl)amides 174 and 176 but afforded a 
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mixture of unsaturated species (see representative 29Si NMR spectrum, Figure 69). However, 
no saturated species was found in the initial product mixture which implies that all reactions 
proceed under conservation of the Si-Si double bond. Since unhindered arylbromide 
functionalities react with disilenide 76 in a clean substitution reaction (chapter 3.4 and 3.6), 
the observed side reactions assumingly relate to reactions of the disilenyl units with the amide 
functionality. 
 
 
Figure 69. Representative 29Si NMR spectrum from reaction of amide 170 and disilenide 76 
at −78 °C. 
1H NMR spectroscopy measurements of the reactions samples disclosed instability of the 
formed products within days. No side product could be isolated by crystallisation. Therefore 
assignment of 29Si NMR signals was not possible. Reactions were also carried out at room 
temperature to examine a possible temperature dependency of the reaction. However, no 
positive influence was observed from a change of conditions. 
3.8.5. Disilenyl Functionalised Starburst Amines 
The gradually increasing bathochromic shift of the maximum absorption wavelength of 
disilenylphenyl amines with increasing number of disilenylphenyl substituents on the central 
amine (166 → 168, chapter 3.8.2, Scheme 91) prompted investigations on the interplay of the 
Si=Si -bonds and an extended arylamine backbone. Introduction of a second shell of 
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aromatic amines in para-position of a triphenylamine centre yields the so called starburst 
amines (Scheme 93, page 192). It was anticipated that extension of the aromatic amine 
backbone would lead to further decrease of the HOMO-LUMO gap. To verify this 
assumption two para-brominated congeners, 178 and 180 (Scheme 93) were prepared by 
modified literature procedures.[126-127] It was assumed that 178 and 180 would react with 
disilenide 76 in the same defined way as found for the disilenylphenylamines 163 to 165 
(Scheme 94, page 193).  
 
The carbazol based starburst derivative 178 was synthesised via a copper (I) mediated 
Ullmann coupling[126a] of tris(4-bromophenyl)amine 165 with carbazol (→177) and 
subsequent bromination with bromine in chloroform (Scheme 100, see Experimental for 
details).[126b] 
 
Scheme 100. Adapted literature synthesis of para-brominated starburst amine 178.[126]  
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The diphenyl based starburst derivative 180 was formed by palladium(0) catalysed coupling 
of tris(4-bromophenyl)amine and lithiumdiphenylamide (→ 179) in toluene[127] and the 
adapted bromination from the carbazol starburst congener synthesis[126b] (Scheme 101, see 
chapter 5 for details). 
 
 
Scheme 101. Modified literature synthesis of starburst amine 180.[126b,127] 
Both amines (178 and 180) were reacted with six equivalents of disilenide 76 (Scheme 102). 
The very poor solubility of 178 and 180 in solvents such as diethyl ether, THF, benzene or 
toluene at room temperature made it necessary to conduct the reaction in copious amounts of 
hot (70 °C) toluene to maximise the amount of amine in solution. Indeed slow addition of 
disilenide 76 in toluene to a suspension of the corresponding amine yielded 
dodecasilahexaenes 181 and 182 (Scheme 102) quantitatively according to multinuclear 
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NMR analysis. The high temperature during reaction over an extended time seemed not to 
harm the Si-Si double bond according to 29Si NMR spectroscopy.  
Crystallisation attempts from a variety of solvents were not successful. However, 
multinuclear NMR, UV/Vis- and mass spectrometry (LDI-TOF-MS) support the anticipated 
formation of the desired starburst disilene derivatives. 
 
Scheme 102. Synthesis of para-disilenyl substituted starburst amines 181 and 182, from 
para-brominated amines 178 and 180 and six equivalents of disilenide 76.  
178 
181 
 
180 
182 
181 
209 
 
Interpretation of the 1H NMR spectrum is only possible from samples at low concentrations. 
A concentration higher than 20 mg/mL leads to significant line broadening in the 1H NMR 
spectrum. Most of the diagnostic aromatic signals in the 1H NMR spectrum are overlapping 
and are not suitable for analysis but essential signals from the carbazol (181) and diphenyl 
(182) fragments could be directly utilised to verify sixfold substitutions by their signal ratio 
compared with the septets from the Tip’s isopropyl C-H groups (Figure 70). 
 
Figure 70. 1H NMR spectrum of hexa(disilenyl)phenyl dendrimer 182. Septets at  = 4.03 
and 4.28 ppm represent the ortho-isopropyl CH protons of the Tip groups. Doublets at = 
6.77 and 7.23 ppm represent ortho- and meta-protons of the disilenyl functionalised phenyl 
moiety.  
DEPT135 NMR analysis shows eight lowfield-shifted signals for the carbazol derivative 181 
and seven signals for the diphenyl derivative 182 (Figure 72), which is in accordance with the 
7/8 different proton carrying carbons in each example.  
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Figure 71. Dept135 NMR spectrum of carbazoyl-disilene derivative 181 in deuterated 
benzene. 8 different lowfield signals are visible. 
 
Figure 72. Dept135 NMR spectrum of diphenyl-disilene derivative 182 in deuterated 
benzene. 7 different lowfield signals are visible. 
29Si NMR spectroscopy shows two signals for each disilene derivative 181 ( = 73.7 and 54.0 
ppm) and 182 ( = 72.0 and nm53.4 ppm, Figure 73) in the expected range for Si-Si double 
bonds. Presumably, contamination of the desired hexakis(disilenyl)starburst amines with 
congeners of lower substitution degree would be visible by 29Si NMR spectroscopy.  
 
Figure 73. Representative 29Si NMR spectrum of bis(disilenyldiphenyl) starburst derivative 
182. 
The UV/Vis spectrum of 181 and 182 show each two absorption maxima (λmax (181): 347 and 
453 nm; λmax (182): 326 and 445 nm). The blue shifted absorption maximum of each 
derivative is diagnostic for the starburst amine backbone[126a], the second absorption 
211 
 
maximum above 400 nm is of typical value for disilenes.[40-41,44,87] Both absorption maxima of 
the carbazol derivative 181 have a slight red shift compared to diphenyl derivative 182. 
Presumably, the carbazol based backbone forces the Si=Si units into more pronounced trans-
bending or twisting due to the increased rigidity. However, a red shift compared to 
tris(disilenylphenyl)amine 10 (λmax = 460 nm) due to a possibly lowered LUMO was not 
observed. 
The mass spectrum of 182 (Figure 74) shows a signal that can be attributed to the intact 
molecule (calc. 4733 D, found 4729 D) which collapses into at least 15 fragments of about 
Δm = 245 D which can be assigned either to a diphenyl or the centre triphenylamine 
fragments. Each of these fragments on their part break into smaller fragments of about 30 to 
166 Dalton. Some of the fragments were identified as 1,3,5-triisopropylbenzene units but 
most sub-fragments could not identified. Apparently, the disilenyl dendrimer disintegrates on 
the diphenyl substituents of the triphenylamine core but simultaneously experiences structural 
defects on the edge of the molecule e.g. loss of isopropyl groups, disilenyl moieties and Tip 
groups during laser induced fragmentation. 
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Figure 74. LID-MS spectrum of disilenyl dendrimer 182. 
Disilenes show high reactivity towards oxygen (see chapter 1.4). The additional mass 
spectrometry signal (4934 D) possibly relates to a fully-oxidised derivative of 182 which 
would be formed during preparation of the mass sample. 
LDI-MS spectroscopy showed a limited suitability for the analysis of 181 due to a stronger 
fragmentation compared to 182. A signal corresponding to the actual mass of 181 was not 
observed.  
3.8.6. Conclusion 
Aromatic tertiary amines were systematically furnished with disilenyl functionality to afford 
166 to 168. A slight bathochromic shift of the maximum absorption wavelength was 
observed.  
Formation of disilanyldisilene 173 from reaction of disilenide 76 with the secondary amine 
169 demonstrated the necessity to limit mechanistic options to 76 when a specific 
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transformation is pursued. Here, the almost quantitative formation of 173 shows the preferred 
reaction of 76 with 171 in an addition reaction rather than the substitution reaction with the 
arylbromide functionality of 169. However, replacement of the secondary amine proton by 
counter ions (Li+, nBu4N
+), was not found to be beneficial for formation of the desired 
substitution products 174 and 176. 
Also dendritic systems based on carbazol and diphenyl substituents on a central 
triphenylamine core were furnished with six disilenyl units each. The second shell of 
arylamine functionality in 181 and 182 did not lead to a red shift of the λmax value compared 
to derivatives 166 to 168. However, higher rigidity in the carbazol based system 181 caused a 
slightly increase in maximum absorption wavelength compared to the diphenyl based 
disilenyl dendrimer 182. All reactions of disilenide 76 with tertiary amines were found to 
proceed in a uniform way. 
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4. Summary 
Most known manipulations on disilenes concentrate on formation and consumption of 
disilene functionality. The few known transformations of functionality in the presence of the 
Si=Si unit were without exception based on salt elimination reaction of the according metal 
disilenides with suitable electrophiles.[76d,e] This thesis discusses the first successful 
transformation of functionality on the backbone of a neutral disilene derivative.[87] 
The according starting material 4-bromophenyldisilene 110c is formed by selective reaction 
of lithiumdisilenide 76 with 1-iodo-4-bromobenzene under elimination of LiI. A general 
reactivity trend of 76 towards aryl halides (F < Cl << Br < I) was exploited during formation 
of disilene 110c. Treatment of 110c with tBuLi and subsequent quenching with an 
electrophile (TMS-Cl) leads to the desired substitution product. 
This methodology was utilised to study substitution reactions (chapter 3.2 and 3.3) with SiCl4 
(1-4 eq), TipSiCl3 96 (1 eq), SiBr4 (1-4 eq) and TipSiBr3 139 (1 eq). It was found, that SiCl4 
shows best results as an electrophile in single and threefold substitution reactions and reaction 
with one equivalent of 96, which leads to almost quantitative formation of the according 
dichlorosilane substituted disilene 124. However, SiCl4 also shows affinity towards the Si=Si 
unit when used in an excess. Similar reactivity could be observed for SiBr4 and 
tribromosilane 139, however both show a higher tendency to react with the Si-Si double bond 
(→ SiBr4, -SiBr3) and promote versatile side reactions and hence not providing an advantage 
in comparision to chlorosilane compounds in substitution reactions.  
For systematic analysis of substituent effects on the Si-Si double bond HOMO-LUMO gap, 
missing substitution patterns with SiCl4 (twofold and fourfold sub.) were synthesised via an 
alternative synthetic route, introducing the Si=Si unit in a final step to the backbone (chapter 
3.4). 
Analysis of the obtained chlorosilane substituted phenyl disilenes showed a combined –I- and 
+M-effect of the substituents on the central silane σ* orbital, lowering the same, which allows 
stronger interaction with the π-electron system of the phenyl disilene moiety. This leads to a 
maximum bathochromic shift in the UV/Vis spectrum for the threefold substituted 
hexasilatriene 122. 
For future prospect reductive coupling of disilenyl substituted dichloro- (121/124) and 
dibromosilanes (138) to larger π-conjugated systems would allow for further decrease of the 
band gap and hence application in electro-optic devices. 
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Furthermore functionalistaion of disilenide 76 with thiophenes (chapter 3.7) and aromatic 
amines (chapter 3.8) was investigated. Bromo- and chloro substituted thiophenes were reacted 
with 76 and showed unprecedented reactivity towards the thiophenyl building block leading 
to 1,2 addtion reactions with the Si=Si unit. However thiophenyldisilene 151, 2,5-(160) and 
2-2’-(162) disubsttuted thiophene and bithiophene could be synthesised and characterised 
which are the first examples of thiophenyldisilenes. Disilene 151 shows a similar λmax value 
as phenyl disilene 101. However the thiophenyl bridged tetrasiladiene 160 shows a slight 
bathochromic shift which might be attributed to the less pronounced aromaticity in thiophene 
compared to benzene leading to an increased π- electronic conjugation. The twisting along the 
backbone in 162 leads to a relative blue shift of the λmax value compared to 160 which reflects 
the decrease in π-orpital overlap. 
Further investigations should include studies on incooperation of thiophenyldisilenes into 
bigger conjugated settings to allow for comparison with state-of-the-art organic polymers 
regarding conductivity and efficiency in suitable devices. 
Tertiary amines 166-168[40] with 1-3 phenyldisilene substituents around a centre nitrogen 
were synthesised and analysed with regard to the influence of the growing number of 
substituents on the HOMO-LUMO gap. A slight bathochromic shift was observed (166 → 
168), however communication between the individual Si=Si units could not definitely be 
confirmed.  
By introduction of a second shell on a triphenylamine backbone, dentridic systems of the 
carbazol-(181) and diphenyl-(182) type were synthesised according to literature and each 
furnished with six equivalents of disilenide 76 in straight forward substitution reactions. 
However a distinct influence of the growing amine backbone on the band gap could not be 
observed. Since dendritic systems are utilised as p-type conducting materials, formation of 
the according radical cation species and analysis of relevance as a hole-conduction material 
should be conducted. The comparably small band gap of disilenes offers versatile applications 
only limited by its high reactivity. A rigid setup of bulky substituent kinetically stabilises the 
Si=Si unit though often preventing a collinear arrangement which limits the effective π-
conjugation. Future efforts might be concentrated on clarifying theses aspects in order to 
promote low valent silicon chemistry to the next strategic level. 
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General. All manipulations were carried out under a protective atmosphere of argon 5.0 
supplied by Air Liquide, Argon Zero Grade or Praxair applying standard Schlenk techniques 
or in a glovebox. All gases were used without further purification. Glassware was cleaned in 
an isopropanol/KOH bath, neutralised soaking in H2O/HCl and dried at 120 °C prior to 
assembly. Before the experiments the still hot glassware was evacuated and refilled with 
argon at least three times. 
Ethereal solvents were refluxed over sodium/benzophenone; toluene, pentane, hexane and 
(deuterated) benzene over sodium/benzophenone/tetraglyme. All solvents were distilled and 
stored under argon and degassed prior to use. All chemicals were checked for purity by NMR 
prior to use and distilled or sublimed when deemed necessary. The NMR spectra were 
recorded on a Bruker Avance 500 NMR, a Bruker DRX-400 FT-NMR or a Bruker Avance III 
300 NMR spectrometer. 1H and 13C(1H)-NMR spectra were referenced to external TMS via 
the residual protons of the deuterated solvent (1H) or the solvent itself (13C). 29Si(1H) NMR 
spectra were referenced to external TMS and 19F(1H) NMR spectra to external CFCl3. 2D 
spectra were carried out by heteronucluar multi bond correlation (HMBC). UV/Vis spectra 
were recorded on a Perkin Elmer Lamda 25 photometer. Melting points were determined in 
closed NMR tubes under argon and are uncorrected. Tip2Si=Si(Tip)Li (disilenide 76) was 
prepared following our published procedure.[77] 
LDI-MS spectrometry was carried out on a MALDI-ToF mass spectrometer (Applied 
Biosystems, Modell ABI 4800) 
 For disilenes the coupling constant of all derivatives are: iPr-CH 3J ≈ 6 Hz, iPr-CH3 
3J ≈ 6 Hz, 
phenyl 3J ≈ 8 Hz and are usually excluded from the individual analysis. In case of exception 
the coupling constants are listed together with other NMR spectroscopic data. All 
abbreviations are listed at the beginning of the thesis (page 24). 
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5.1. Synthesis of 1-trichlorosilyl- 2,4,6-triisopropyl-benzene 96 
(adapted from literature)[115] 
 
To a suspension of lithium granules (1.25 g, 177 mmol, 2.5 eq) in 150 mL of diethyl ether a 
solution of 2,4,6-triisopropylphenylbromide (20 g, 70.6 mmol, 1 eq) in diethyl ether was 
added dropwise at 0 °C. After 24 h the remaining lithium was removed by filtration and the 
solvent was replaced by toluene (150 mL). The resulting suspension was cooled to 0 °C and 
SiCl4 (24 mL, 141 mmol, 2 eq) was added dropwise as a solution in toluene (20 mL). After 6 
h, all volatiles were removed and the residue filtered as a hexane suspension to remove 
insoluble material. Inert gas crystallisation from dry hexane afforded trichlorosilane 96 in 
pure form (12.4 g, 52 %). 
1H NMR spectroscopic data were identical to literature values.[115] 
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General procedure for the preparation of 4-halophenyl disilenes 110a, 110b and 110c [87] 
Via cannula a solution of the required stoichiometric amount of disilenide 76 in 20 mL of 
benzene is added dropwise to a solution of 1.17 mmol of the appropriate iodo-benzene in 15 
mL of benzene at room temperature. After 1 h of stirring at room temperature, the solvent is 
distilled off in vacuum. Hexane (35 mL) is added and LiI separated from the solution by 
filtration. Crystallization at room temperature from a minimum amount of the indicated 
solvent affords the products. 
5.2. 1-(para-Fluorophenyl)-1,2,2-(2’,4’,6’-
triisopropylphenyl)disilene 110a 
 
 
Orange crystals from benzene, 0.77 g (86 %, mp. 143-145 °C, partial dec.). 
1H NMR (400.2 MHz, C6D6, 298 K):  7.22 (dd,
 3J(H-H) = 6 Hz, 4J(H-F) = 2.5 Hz, 2H, Ph-
Ho), 7.13, 7.09, 7.05 (each s, each 2H, Tip-H), 6.52 (dd, 
3J(H-F) = 9 Hz, 2H, Ph-Hm), 4.20 
(sept, 4H, iPr-CH), 3.99 (sept, 2H, iPr-CH), 2.75 (sept, 2H, iPr-CH), 2.71 (sept, 1H, iPr-CH), 
1.21, 1.19, 1.17, 1.16, 1.11, 1.06 (each d, altogether 54H, iPr-CH3). 
13C NMR (100.6 MHz, C6D6, 298K):  163.90 (
1J(C-F) = 248.8 Hz, Ph-Cp) 156.20, 155.73, 
155.10, 151.88, 151.49, 150.84 (Tip-Co/p), 138.20 (
3J(C-F) = 7.1 Hz, Ph-Co), 134.21 (
4J (C-F) 
= 3.7 Hz, Ph-Ci) 133.19, 132.76, 130.45 (Tip-Ci), 122.12 (Tip-Co), 121.75 (Tip-Cp), 115.30 
(2J(C-F) = 20.0 Hz, Ph-Cm), 38.45, 38.21, 37.61, 34.94, 34.76, 34.58 (
iPr-CH), 25.64, 24.68, 
24.32, 24.15, 23.99 (iPr-CH3). 
19F NMR (376.8 MHz, C6D6, 298 K):  −111.51. 
29Si NMR (79.5 MHz, C6D6, 298 K):  70.6 (Si-Ph), 55.7 (Si-Tip2). 
UV/Vis (hexane): λmax () 437 nm (16800 L mol
-1 cm-1). 
Exact Mass (EI): Calc. for C51 H73 Si2 F: 760.5228. Found: 760.5235.  
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5.3. 1-(para-Chlorophenyl)-1,2,2-(2’,4’,6’-
triisopropylphenyl)disilene 110b 
 
Orange crystals from hexane, 0.43 g (47 %, mp. 145-147 °C, partial dec.). 
1H NMR (500.1 MHz, C6D6, 298 K):  7.15 (d, 2H, Ph-Hm), 7.12, 7.08, 7.04 (each s, each 
2H, Tip-H), 6.82 (d, 2H, Ph-Ho), 4.17 (sept, 4H, iPr-CH), 3.97 (sept, 2H, 
iPr-CH), 2.75 (sept, 
2H, iPr-CH), 2.70 (sept, 1H, iPr-CH), 1.21, 1.20, 1.19, 1.14, 1.13, 1.10, 1.05 (each d, 
altogether 54H, iPr-CH3). 
13C NMR (125.8 MHz, C6D6, 298K):  156.28, 155.72, 155.15, 151.94, 151.62, 150.92 (Tip-
Co/p), 137.45 (Ph-Cp), 137.37 (Ph-Co), 134.97, 133.04, 132.66, 130.10 (Ph-Ci/Tip-Ci), 128.35 
(Ph-Cm), 122.15, 121.77 (Tip-Cm), 38.46, 38.29, 37.58, 34.94, 34.77, 34.58 (
iPr-CH), 25.67, 
24.69, 24.31, 24.15, 23.98 (iPr-CH3). 
29Si NMR (99.4 MHz, C6D6, 298 K):  69.3 (Si-Ph), 57.3 (Si-Tip). 
UV/Vis (hexane): λmax () 445 nm (19200 L mol
-1 cm-1). 
Exact Mass (EI): Calc. for C51 H73 Si2 Cl: 776.4935. Found: 776.4939.  
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5.4. 1-(para-Bromophenyl)-1,2,2-(2’,4’,6’-
triisopropylphenyl)disilene 110c 
 
Orange crystals from hexane, 0.22 g (23 %, mp. 143-145 °C, dec.).  
1H NMR (500.1 MHz, C6D6, 298 K):  7.12, 7.09 (each s, each 2H, Tip-H), 7.08 (d, 2H, Ph-
Hm), 7.04 (s, 2H, Tip-H), 6.97 (d, 2H, Ph-Ho), 4.18 (sept, 4H, 
iPr-CH), 3.98 (sept, 2H, iPr-
CH), 2.75 (sept, 2H, iPr-CH), 2.70 (sept, 1H, iPr-CH), 1.21, 1.19, 1.18, 1.13, 1.13, 1.10, 1.06 
(each d, altogether 54H, iPr-CH3). 
13C NMR (125.8 MHz, C6D6, 298K):  156.29, 155.72, 155.15, 151.97, 151.66, 150.94 (Tip-
Co/p), 137.89 (Ph-Cp), 137.63 (Ph-Co), 133.01, 132.64 (Ph-Ci/Tip-Ci), 131.21 (Ph-Cm), 
130.02, 123.39 (Ph-Ci/Tip-Ci), 122.16, 121.78 (Tip-Cm), 38.47, 38.30, 37.58, 34.92, 34.75, 
34.57 (iPr-CH), 25.67, 24.68, 24.29, 24.15, 24.13, 23.96 (iPr-CH3). 
29Si NMR (99.4 MHz, C6D6, 298 K):  69.2 (Si-Ph), 57.4 (Si-Tip2). 
UV/Vis (hexane): λmax () 447 nm (16200 L mol
-1 cm-1).  
Exact Mass (EI): Calc. for C51 H73 Si2 Br: 820.4425. Found: 820.4434.  
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5.5. Synthesis of 1-(ortho-Fluorophenyl)-1,2,2-(2’,4’,6’-
triisopropylphenyl)disilene 112 
 
 
At −78 °C a solution of disilenide 76 (0.996 g, 1.167 mmol, 1 eq) in 10 mL of hexane was 
slowly added to a solution of 1-bromo-4-fluorobenzene (0.259 g, 1.167 mmol, 1 eq). 
Temperature was maintained for 12 h and then slowly increased to room temperature over 6 
h. All volatiles were removed and the formed LiBr filtered of in hexane. The crude product 
was left in a minimum amount of hexane for crystallisation. 
Yellow crystals from hexane 520 mg (58.5 %, mp. 137-139 °C, dec.) 
 
1H NMR (500.13 MHz, C6D6, 298 K):  7.50 (dd, 
3J(H-H) = 6 Hz, 3J (F-H) = not visible, 1H, 
Ph-H5), 7.08, 7.06, 7.03 (s, each 2H, Tip-H), 6.80 (dd, 
3J (H-H) = 8 Hz, 1H, Ph-H3), 6.61 (dd, 
3J(H-H) = 7 Hz, 3J (F-H) = not visible, 1H, Ph-H2), 6.52 (dd, 
3J(H-H) = 7.5 Hz, 3J (F-H) = not 
visible, 1H, Ph-H4), 4.37 (br., 2H, 
iPr-CH), 4.21 (br., 2H, iPr-CH), 4.06-3.84 (m, 2H, iPr-CH), 
2.72 (m, 3H, iPr-CH), 1.21-1.10 (each d, altogether 54H, iPr-CH3). 
13C NMR (125.75 MHz, C6D6, 298K):  156.06, 155.33(Tip-Co), 151.70, 151.03 (Tip-Cp), 
138.95 (Ph-Cm(F)), 133.42, 131.39, 130.52 (3H, Tip-Ci) 132.14 (d, 
1J(C-F) = 189.9 Hz, 1H, 
Ph-C(F) 131.39 (Ph-Cm), 125.49 (d, 
2J(F-C) = 29.6 Hz, 1H, Ph-Ci), 124.17 (s, 1H, Ph-Cp) 
122.00, 121.76, (Tip-Cm) 114.99 (d, 
3J(F-C) = 24.1 Hz, 1H, Ph-Cp), 38.58, 38.33, 34.78, 
34.66, 34.61 (iPr-CH), 25.44, 25.13, 24.58, 24.17, 24.09, 24.05, 24, 23.93(iPr-CH3).  
29Si NMR (99.36 MHz, C6D6, 298 K):  62.9 (Si-Ph), 57.8 (Si-Tip2). 
19F NMR (376.8 MHz, C6D6, 298 K):  −94.4. 
UV/Vis (hexane): λmax (ε) 430 nm (14550 Lmol
-1cm-1). 
Exact Mass (EI): Calc. for C51 H73 F Si2: 760.5246. Found: 760.5235. 
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5.6. Attempted Formation of a Disilenylphenyl Grignard (115 or 
116) from para-Bromophenyldisilene 110c from a Variety of 
Conditions 
 
Activation of magnesium: 
Magnesium was heated prior to use for 10 min to >300 °C. The cooled magnesium was 
suspended in THF and a single drop of TMS-Cl and 1,2-dibromoethane each were added and 
stirred for 10 min. Either all volatiles were removed prior to application or  the suspension 
was directly used for reaction (no difference was visible by NMR spectroscopy of the 
product). In the case that LiCl was used in a mixture with magnesium, the salt was heated 
together with the magnesium prior to activation. 
4-Bromophenyldisilene 110c (1 g, 1.216 mmol, 1 eq) was dissolved in 10 mL THF and added 
to activated magnesium in THF (47 mg, 1.946 mmol, 1.6 eq) or a magnesium/LiCl (82 mg, 
1.946, 1.6 eq) in THF and cooled to either – 30 C or 0 °C. A colour change from orange-red 
to a yellow orange was observed above –15 °C. Separately the metalation product was tried to 
crystallize from either THF or hexane. In analogue reactions the anticipated Grignard species 
(115/116) were quenched with TMS-Cl (0.157 mL, 1.241 mmol, 1.02 eq) for proof-of-
principle. The desired products (115, 116 or 119) were not obtained either quenched with 
TMS-Cl or from crystallization attempts of the Grignard derivatives. 
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5.7. Attempted Lithiation of para-Bromophenyldisilene 110c with 
Lithium Metal and nBuLi from a Variety of Conditions 
 
Disilene 110c was dissolved in either diethyl ether or in THF and cooled to –78 °C. Lithium 
metal (17-24 mg, 2.43-4.86 mmol, 2-4 eq) or nBuLi (0.049 mL, 1.216 mmol, 1 eq) was added 
and the reaction stirred for 1 to 4 h. The excess lithium was filtered of where applicable and 
TMS-Cl (0.157 mL, 1.241 mmol, 1.02 eq) added to the cold reaction to quench the 
anticipated lithiation product. No product could be isolated from the reaction by 
crystallization. 
5.8. Spectroscopic Data of para-Lithiophenyldisilene 117 
(see synthesis of disilene 119 for reaction details) 
1H NMR (300.13 MHz, d8-THF, 203 K):  7.71 (d, 2H, Ph-Hm), 7.06, 6.98, 6.88 (s, 6H, Tip-
H), 6.88 (2H, Ph-Ho), 4.17, 2.86 (br, 
iPr-CH). 
29Si NMR (59.62, d8-THF, 203 K):  77.1 (Si-Ph), 46.6, 45.82 (Si-Tip2). 
7Li NMR (116.6, d8-THF, 203 K): 0.48 (Ph-Li). 
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5.9. Synthesis of 1-(para-Trimethylsilylphenyl)-1,2,2-(2’,4’,6’-
triisopropylphenyl)disilene 119 
 
4-Bromophenyldisilene 110c (1.055 g, 1.284 mmol, 1 eq) was dissolved in 10 mL diethyl 
ether and cooled to −100 °C. Via syringe tBuLi (1.5 mL, 2.58 mmol, 1.72 M, 2 eq) was added 
rapidly to the stirring solution. Colour changed from orange to orange-brown. After 2 h at 
−78 °C temperature was raised to −50 °C in 10 min and cooled back to −90 °C. By removal 
of the solvent at −50 °C 4-lithiophenyldisilene 117 can be obtained. Trimethylsilylchloride 
(TMS-Cl) (0.171 mL, 1.348 mmol, 1.05 eq) was added via syringe and reaction was allowed 
to slowly warm in the cooling bath. All volatiles were removed and the crude product was 
filtered in hexane to remove insoluble material. Crystallisation from a concentrated hexane 
solution yielded a small amount of the desired disilene 119 as an orange solid 50 mg (5 % 
(isolated yield), 95 % (according to 1H NMR spectrum from crude product)). 
 
1H NMR (400.1 MHz, C6D6, 298 K):  7.41 (d, 2H, Ph-Ho), 7.14, 7.09 (each s, each 2H, Tip-
H), 7.07 (d, 2H, Ph-Hm), 7.05 (s, 2H, Tip-H), 4.32 (sept, 2H, 
iPr-CH), 4.22 (sept, 2H, iPr-CH), 
4.03 (sept, 2H, iPr-CH), 2.76 (sept, 2H, iPr-CH), 2.71 (sept, 1H, iPr-CH), 1.23, 1.20, 1.28, 
1.18, 1.17, 1.14, 1.10, 1.07 (each d, altogether 54H, iPr-CH3), 0.12 (s, 9H, SiMe3-H). 
13C NMR (100.6 MHz, C6D6, 298K):  156.29, 155.74, 155.10 (Tip-Co), 151.70, 151.28, 
150.70 (Tip-Cp), 140.54 (Ph-Ci), 139.20 (Ph-Cp), 135.46 (Ph-Co), 133.55, 133.24 (Tip-Ci), 
132.89 (Ph-Cm), 130.56 (Tip-Ci), 122.09, 121.65 (Tip-Cm), 38.50, 38.16, 37.63, 34.94, 34.75, 
34.59, (iPr-CH), 25.74, 24.70, 24.34, 24.17, 24.03 (iPr-CH3), −1.24 (Si(CH3)3). 
29Si NMR (79.5 MHz, C6D6, 298 K):  71.5 (Si-Ph), 56.5 (Si-Tip2), −4.6 (Si-Me3). 
UV/Vis (hexane): λmax 445 nm (from crude product). 
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5.10. 1-(para-Trichlorosilylphenyl)-1,2,2-(2’,4’,6’-
triisopropylphenyl)disilene 120 
 
A solution of tBuLi in pentane (1.49 mL, 2,58 mmol, 1.72 M, 2.01 eq) was added to a stirred 
solution of disilene 110c (1.055 g, 0.61 mmol, 1 eq) in 15 mL of Et2O at −100 °C via syringe. 
After 2 h at −78 °C the mixture was allowed to warm to −50 °C within 10 min, held at this 
temperature for another 10 min and cooled back to −90 °C. SiCl4 (0,295 mL, 2.57 mmol, 2 
eq) was added quickly via syringe and the reaction mixture held at −78 °C for 2 h. All 
volatiles were removed and insoluble material filtered of in hexane. Removal of hexane 
afforded a mixture of substances containing 80 % disilene 120 according to NMR 
spectroscopic data. 
 
1H NMR (300.13 MHz, C6D6, 298 K):  7.31 (d, 2H, Ph-Ho), 7.18 (d, 2H, Ph-Hm) 7.13 (s, 
2H, Tip-H), 7.09 (s, 2H, Tip-H), 7.04 (s, 2H, Tip-H), 4.18, 4.11 (each sept, altogether 4H, iPr-
CH), 3.96 (each sept, 2H, iPr-CH), 2.73 (sept, 3H, iPr-CH), 1.20, 1.18, 1.12, 1.07, 1.05 (each 
d, 54H, iPr-CH3). 
13C NMR (75.46 MHz, C6D6, 298K):  156.34, 155.75, 155.20, 152.15, 151.92, 151.15 (Tip-
Co/p), 145.94 (Ph-Cp), 132.75, 132.39 (Ph-Co/m), 135.78, 132.11, 130.83, 129.58, (Tip/Ph-Ci), 
122.29, 121.82 (Tip-Cm), 38.62, 38.39, 37.63, 34.69, 34.78, 34.60 (
iPr-CH), 27.29, 25.63, 
24.71, 24.28, 24.16, 24.03, 23.98 (iPr-CH3). 
29Si NMR (59.62 MHz, C6D6, 298 K): 67.3 (Si-Ph), 62.1 (Si-Tip2), −1.0 (Si-Cl3). 
UV/Vis (hexane): λmax 441 nm (from crude product). 
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5.11. Attempted Synthesis of Bis(4-(1’,2’,2’-(2’’,4’’,6’’-
triisopropylphenyl)disilenyl)phenyl)-dichlorosilane 121 
Method I 
 
A pentane solution of tBuLi (0.72 mL, 1.22 mmol, 1.72 M, 2.01 eq) was added to a stirred 
solution of 4-bromophenyl disilene 110c (0.5 g, 0.61 mmol, 1 eq) in 15 mL of Et2O at −100 
°C via syringe. After 2 h at −78 °C the mixture was allowed to warm to −50 °C within 10 
min, held at this temperature for another 10 min and cooled back to −90 °C. SiCl4 (0.35 mL, 
0.35 mmol, 0.5 eq) was added quickly via syringe and the reaction was held at −78 °C for 1 to 
4 h. The cold reaction was stopped by removal of all volatiles and formed salts filtered in 
hexane. Removal of hexane under reduced pressure afforded a red solid. According to 29Si 
NMR a mixture of at least 3 unsaturated derivatives of disilene 110c was formed. 
Method II 
 
At −30 °C, a solution of disilenide 76 (1.54 g, 1.79 mmol, 2 eq) in 10 mL of benzene was 
added dropwise over 10 min to a solution of bis(para-bromophenyl)dichloro silane 128 in 10 
mL benzene/toluene mixture (1:1). After 1 h all volatiles were removed and the formed LiBr 
 
          110c      121 
 76   128      121 
229 
 
filtered of in hexane. The product was formed in 45 % purity judged by 1H NMR 
spectroscopy. 
(Reaction was also carried out at room temperature, which did not influence the result 
positively) 
Neither method I nor II gave the desired product in satisfying purity and crystallisation was 
not successful. 
 
1H NMR (300.13 MHz, C6D6, 298 K): 7.32 (d, 2H, Ph-Ho), 7.25 (d, 2H, Ph-Hm), 7.12, 7.08, 
7.04 (s, 6H, Tip-H), 4.21, 4.13, 3.97, 2.75 (sept, 9H, iPr-CH), 1.22, 1.21, 1.18, 1.13, 1.07, 
1.05 (each d, altogether 54H, iPr-CH3). 
29Si NMR (59.62 MHz, C6D6, 298 K):  68.7 (Si-Ph), 60.1 (Si-Tip2), 5.5 (Si-Cl2). 
UV/Vis (hexane): λmax 463 nm (from crude product). 
5.12. Synthesis of Tris(4-(1’,2’,2’-(2’’,4’’,6’’-
triisopropylphenyl)disilenyl)phenyl)-chlorosilane 122 
Method I 
 
At room temperature, a solution of disilenide 76 (1.45 g, 1.69 mmol, 3 eq) in 15 mL of 
benzene was added dropwise to a solution of tris(4-bromophenyl)chloro silane 130 (0.3 g, 
0.56 mmol, 1 eq) in benzene over 1 h. After 24 h, all volatiles were removed under reduced 
pressure and the formed salts filtered in hexane. According to 29Si NMR spectroscopy 
disilene 122 was formed in good purity. Crystallisation attempts in hexane did not afford 
crystals  
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Method II 
 
A pentane solution of tBuLi (0.73 mL, 1.49 mmol, 2.5 M, 2.01 eq) was added via syringe to a 
stirred solution of disilene 110c (612 mg, 0.744 mmol, 1 eq) in 15 mL of Et2O at −100 °C. 
After 2 h at −78 °C the mixture was warmed to −50 °C within 10 min, held at this 
temperature for another 10 min and cooled back to −90 °C. SiCl4 (49 μ, 0.428 mmol, 0.333 
eq) was added quickly via syringe and the reaction mixture held at −78 °C for 2 h. According 
to 29Si NMR spectroscopy hexasilatriene 122 was formed in good purity. All volatiles were 
removed under reduced pressure and salts were filtered in hexane. Crystallisation attempts 
from hexane were not successful. 
 
1H NMR (300.13 MHz, C6D6, 298 K): 7.34 (d, 2H, Ph-Ho), 7.24 (d, 2H, Ph-Hm), 7.12, 7.09, 
7.04 (s, 6H, Tip-H), 4.25, 4.17, 4.00, 2.75 (sept, 9H, iPr-CH), 1.23, 1.21, 2x1.14, 1.11, 1.06 
(each d, altogether 54H, iPr-CH3). 
13C NMR (75.46 MHz, C6D6, 298K):  156.30, 155.71, 155.17, 151.80, 151.47, 150.85 
(Tip-Co/p), 141.94 (Ph-Cp), 135.51, 134.52 (Ph-Co/m), 133.29, 132.80, 130.23 (Tip/Ph-Ci), 
122.12, 121.44 (Tip-Cm), 38.54, 39.31, 37.58, 35.03, 34.84, 34.61 (
iPr-CH), 25.75, 24.71, 
24.33, 24.27, 24.17, 24.01 (iPr-CH3). 
29Si NMR (59.62 MHz, C6D6, 298 K):  70.0 (Si-Ph), 58.4 (Si-Tip2), 0.5 (Si-Ph3). 
UV/Vis (hexane): λmax1 458 nm (from crude product). 
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5.13. Synthesis of Tetrakis(4-(1’,2’,2’-(2’’,4’’,6’’-
triisopropylphenyl)disilenyl)phenyl)silane 123 
Method I 
 
A pentane solution of tBuLi (1.49 mL, 2.58 mml, 1.72 M, 2.01 eq) was added to a solution of 
disilene 110c (1.055 g, 0.61 mmol, 1 eq) in 15 mL of Et2O at −100 °C. After 2 h at −78 °C 
the reaction was brought to −50 °C within 10 min, held at this temperature for 10 min and 
cooled back to −90 °C. SiCl4 (36.8 μL, 0.321 mmol, 0.25 eq) was added quickly via syringe 
and the reaction mixture was held at −78 °C for 5 h. and another 24 h at −60 °C. All volatiles 
were removed and salts were filtered in hexane. According to 29Si NMR spectroscopy a 
mixture of hexasilatriene 122 and the desired 123 was formed. Separation of the two 
derivatives by crystallisation from hexane was not successful.  
 
Method II 
 
At room temperature, a solution of disilenide 76 (1.57 g, 1.84 mmol, 4 eq) in 15 mL of 
benzene was added dropwise to a solution of tetrakis(4-bromophenyl)silane 131 (0.3 g, 0.46 
mmol, 1 eq) in benzene over 2 h. After 8 h all volatiles were removed and the formed salts 
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were filtered in hexane. The product was obtained as orange red crystals from a concentrated 
hexane solution. (1.17g, 85 %, mp. >200 °C dec.) 
 
1H NMR (300.13 MHz, C6D6, 298 K): (d, 2H, Ph-Ho), 7.30 (d, 2H, Ph-Hm), 7.12, 7.06, 
7.03 (s, 6H, Tip-H), 4.26, 4.17, 4.00, 2.79 (sept, 9H, iPr-CH), 1.22, 1.20, 1.14, 1.07, 1.05 
(each d, altogether 54H, iPr-CH3). 
13C NMR (75.46 MHz, C6D6, 298K):  156.26, 155.68, 155.14, 151.64, 151.26, 150.71 (Tip-
Co/p), 140.13 (Ph-Cp), 135.81, 135.39 (Ph-Co/m), 134.56 (Ph-Ci), 133.48, 132.96, 130.53 (Tip-
Ci), 122.07, 121.63 (Tip-Cm), 38.49, 38.28, 37.55, 35.06, 34.98, 34.94, 34.89, 34.64 (
iPr-CH), 
27.32, 25.75, 24.71, 24.34, 24.22, 24.06(iPr-CH3). 
29Si NMR (59.62 MHz, C6D6, 298 K):  71.0 (Si-Ph), 56.8 (Si-Tip2), −14.95 (Si-Ph4). 
Elemental analysis: Calc. for C204H292Si9: C, 35.07; H, 1.96. Found: C, 81.69; H 9.67. 
UV/Vis (hexane): λmax1() 454 nm (24700 Lmol
-1cm-1). 
5.14. 1-(para-Dichloro-(2’,4’,6’-triisopropyphenyl)silylphenyl)-
1,2,2-(2’,4’,6’-triisopropylphenyl)disilene 124 
 
Method I 
 
A pentane solution of tBuLi (1.49 mL, 2.58 mml, 1.72 M, 2.01 eq) was added to a solution of 
disilene 110c (1.055 g, 0.61 mmol, 1 eq) in 15 mL of Et2O at −100 °C. After 2 h at −78 °C 
the mixture was allowed to warm to −50 °C within 10 min, held at this temperature for 
another 10 min and cooled back to −90 °C. TipSiCl3 96 (0.433 g, 1.28 mmol, 1 eq) was added 
as a solution in Et2O (5 mL) over 10 min and temperature was maintained for 6 h. Colour 
turned brown red as temperature exceeded −60 °C. At rt all volatiles were removed and 
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insoluble material was filtered of in hexane. Removal of hexane under reduced pressure 
afforded disilene 124 in about 94 % purity according to 1H NMR spectroscopy. 
 
Method II 
 
At 8 °C, a solution of disilenide 76 (1.35 g, 1.58 mmol, 1 eq) in 10 mL of benzene was added 
dropwise over 5 min to a solution of dichlorosilane 129 in 10 mL of benzene. After 2 h all 
volatiles were removed by vacuum distillation and the formed LiBr removed by filtration in 
hexane. The product was formed in 96 % purity judged by 1H-NMR. 
 
1H NMR (300.13 MHz, C6D6, 298 K):  7.39 (d, 2H, Ph-Ho), 7.30 (d, 2H, Ph-Hm), 7.16, 7.15, 
7.10, 7.06 (s, 8H, Tip-H), 4.27, 4.18, 4.01, 3.83, 2.74 (sept, 12H, iPr-CH),1.25, 1.22, 1.18, 
1.17, 1.16, 1.14, 1.09 (each d, altogether 72H, iPr-CH3). 
13C NMR (75.46 MHz, C6D6, 298K): 157.28, 156.32, 155.76, 155.18, 153.05, 151.93, 
151.72, 150.95 (Tip-Co/p), 142.98 (Ph-Cp), 137.54, 135.68 (Ph-Co/m), 133.10, 132.55, 132.51, 
130.13, 124.93 (Tip/Ph-Ci), 122.22, 122.18, 121.72 (Tip-Cm), 38.56, 38.39, 37.57, 34.97, 
34.77, 34.72, 34.59, 33.55 (iPr-CH), 25.77, 25.10, 24.73, 24.37, 24.18, 24.16, 23.99, 23.88 
(iPr-CH3). 
29Si NMR (59.62 MHz, C6D6, 298 K):  68.6 (Si-Ph), 60.1 (Si-Tip2), 3.4 (Si-Cl2). 
UV/Vis (hexane): λmax 462 nm (from crude product). 
Elemental analysis: Calc. for C66H96Cl2Si3: C, 75.88; H, 9.26. Found: C, 75.56; H, 9.22. 
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5.15. Synthesis of Bis(4-bromophenyl)-dichlorosilane 128 
 
A pentane solution of nBuLi (2.21 mL, 3.53 mmol, 1.6 M, 1 eq) was added to a solution of 1-
bromo-4-iodobenzene (1g, 3.53 mmol, 1 eq), in 50 mL of pentane via syringe at room 
temperature. The white suspension was stirred for 1 h. The supernatant solution was separated 
from the white solid by cannula filtration and the residue washed twice with pentane. The 
suspension of 1-bromo-4-lithiobenzene was suspended in 50 mL of fresh pentane and cooled 
to –80 °C. SiCl4 (0.3 g, 1.77 mmol, 0.2 mL, 0.5 eq) was added via syringe. Temperature was 
held for 3 h and then brought to room temperature. All volatiles were removed and the 
formed salts filtered off in hexane. The crude product was purified by sublimation at low 
pressure (2.2x10–2 mbar) at 90 °C (0.87 g, 60 %, mp. 84 °C, no dec.). 
 
1H NMR (300.13 MHz, C6D6, 298 K): 7.18 (s, 4H, Ph-H). 
13C NMR (75.46 MHz, C6D6, 298K):  135.75 (Ph-Co), 131.97 (Ph-Cm), 130.42 (Ph-Ci), 
127.61(Ph-Cp).  
29Si NMR (59.62 MHz, C6D6, 298 K):  5.7. 
Elemental analysis: Calc. for C12H8Br2Cl2Si: C, 35.07; H, 1.96. Found: C, 34.86, H 1.88. 
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5.16. Synthesis of 4-Bromophenyl-(2’,4’,6’-triisopropylphenyl)-
dichlorosilane 129 
 
1-Bromo-4-iodobenzene (1g, 3.53 mmol, 1 eq) was dissolved in 50 mL of pentane. At room 
temperature a pentane solution of nBuLi (2.21 mL, 3.53 mmol, 1.6 M, 1 eq) was added via 
syringe and the resulting white suspension stirred for 1 h. The supernatant solution was 
separated from the white solid by cannula filtration and the residue washed twice with 
pentane. The crude 1-bromo-4-lithiobenzene was suspended in 50 mL of fresh pentane and 
cooled to –80 °C. TipSiCl3 96 (1.194 g, 3.53.mmol, 1 eq) was added dropwise over 10 
minutes as a solution in pentane. Temperature was maintained for 1 h and then brought to 
room temperature. All volatiles were removed and the crude product filtered in hexane to 
remove insoluble materials. The crude product was left in a minimum amount of hexane for 
crystallisation. Colourless crystals of 129 were obtained within 24 h (0.3 g, 18.5 %). 
For quantitative isolation the crude product 129 was sublimed at low pressure (2.2x10–2 
mbar) at 80 °C, 1.37 g, (85 %, mp. 63-65 °C, no dec.). 
 
1H NMR (300.13 MHz, C6D6, 298 K): 7.42 (2H, Ph-Ho), 7.21 (2H, Ph-Hm), 7.14 (s, 2H, 
Tip-H), 3.65 (sept, 2H, iPr-CHo), 2.71 (sept, 1H, 
iPr-CHp) 1.16 (d, 6H, 
iPr-CH3(p)), 1.12 (d, 
12H, iPr-CH3(o)). 
13C NMR (75.46 MHz, C6D6, 298K):  157.31, 153.53 (Tip-Co/p), 136.74 (Ph-Cp), 135.13 
(Ph-Co), 131.77 (Ph-Cm), 126.39 (Ph-Ci), 124.47 (Tip-Ci), 122.84 (Tip-Cm), 34.70, 33.78 (
iPr-
CH), 24.91, 23.83 (iPr-CH3). 
29Si NMR (59.62 MHz, C6D6, 298 K):  3.1. 
Elemental analysis: Calc. for C21H27BrCl2Si: C, 55.03; H 5.94. Found: C, 55.10; H, 5.94. 
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5.17. Synthesis of tris(4-Bromophenyl)-chlorosilane 130 (modified 
from literature)[111] 
 
To a stirred solution of silane 132 (0.871 g, 1.75 mmol, 1 eq) in dry and degassed CCl4, 
SO2Cl2 (0.568 mL, 7.01 mmol, 4 eq) was added via syringe and refluxed for 8 h. All volatiles 
were removed by distillation under reduced pressure. According to 1H NMR spectroscopic all 
starting material was converted to chlorosilane 130. Crystallisation from a concentrated 
hexane solution (–20 °C) afforded chlorosilane 130 in pure form. Spectroscopic data was 
identical to literature values. 
 
5.18. Synthesis of Tetrakis(4-bromophenyl)silane 131 (modified 
from literature)[111] 
 
1-Bromo-4-iodobenzene (3.73 g, 13.2 mmol, 4.4 eq) was dissolved in 50 mL of pentane. At 
room temperature a pentane solution of nBuLi (5.28 mL, 13.2 mmol, 2.5 M, 4.4 eq) was 
added via syringe and the resulting white suspension was stirred for 1 h. The supernatant 
solution was separated from the white solid by cannula filtration and the residue washed 
twice with pentane. The crude 1-bromo-4-lithiobenzene was suspended in 50 mL of fresh 
pentane and added to a solution of SiCl4 (0.344 mL, 3 mmol, 1 eq) in pentane (20 mL) via 
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cannula. The reaction was stirred for 4 h at room temperature. The crude product was 
separated from insoluble material by inert gas filtration and the remaining solids were washed 
with dry benzene. Column chromatography (hexane, Rf = 0.8) or crystallisation from a 
concentrated hexane solution at –20 °C afforded tetrakis(4-bromophenyl)silane 131 in pure 
form. 1H NMR spectroscopic data are in accordance with literature values. 
5.19. Synthesis of Tris(4-bromophenyl)silane 132[111]  
 
1-Bromo-4-iodobenzene (1g, 3.53 mmol, 3 eq) was dissolved in 50 mL of pentane. At room 
temperature a pentane solution of nBuLi (2.21 mL, 3.53 mmol, 1.6 M, 1 eq) was added via 
syringe and the resulting white suspension stirred for 1 h. The supernatant solution was 
separated from the white solid by cannula filtration and the residue washed twice with 
pentane. The crude 1-bromo-4-lithiobenzene was suspended in 50 mL of fresh pentane and 
cooled to –80 °C. HSiCl3 (0.108 mL, 1.072 mmol, 0.92 eq) was added via syringe. 
Temperature was maintained for 1 h and then brought to room temperature. All volatiles were 
removed and the formed salts filtered of in hexane. Crystallisation from a concentrated 
pentane solution at –20 °C afforded silane 132 in pure form as colourless needles. 1H NMR 
spectroscopic data was in accordance with literature values. 
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5.20. Synthesis of Tris(4-(1’,2’,2’-(2’’,4’’,6’’-
triisopropylphenyl)disilenyl)phenyl)silane 133 
 
At room temperature, a solution of disilenide 76 (1.08g, 1.27 mmol, 3 eq) in 15 mL of 
benzene was added dropwise to a solution of tris(4-bromophenyl)silane 132 (0.3 g, 0.46 
mmol) in benzene over 15 min. After 8 h, all volatiles were removed and the formed salts 
filtered in hexane. According to 29Si NMR the desired hexasilatriene 133 was formed in 
acceptable purity alongside minor impurities. Crystallisation from pentane or hexane was, 
however, not successful. 
 
1H NMR (300.13 MHz, C6D6, 298 K): (d, 2H, Ph-Ho), 7.12 (d, 2H, Ph-Hm), 7.12, 7.09, 
7.04 (s, 6H, Tip-H), 5.28 (s, 1J(Si-H) = 99 Hz, 1H, Si-H) 4.27, 4.19, 4.00, 2.75 (sept, 9H, iPr-
CH), 1.23, 1.20, 1.21, 2x1.15, 1.09, 1.06 (each d, altogether 54H, iPr-CH3).  
13C NMR (75.46 MHz, C6D6, 298K):  156.30, 155.70, 155.17, 151.72, 151.32, 150.77 (Tip-
Co/p), 140.55 (Ph-Cp), 135.57, 135.25 (Ph-Co/m), 133.90 (Ph-Ci), 133.41, 133.02, 130.40 (Tip-
Ci), 122.07, 121.63 (Tip-Cm), 38.49, 38.28, 37.59, 35.04, 34.95, 34.83, 34.61 (
iPr-CH), 25.75, 
24.71, 24.33, 24.39, 24.17, 24.03 (iPr-CH3).  
29Si NMR (59.62 MHz, C6D6, 298 K): δ 70.9 (Si-Ph), 57.0 (Si-Tip2), −19.1 (Si-H, 
1J(Si-H) = 
99 Hz). 
UV/Vis (hexane): λmax 453 nm (from crude product). 
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5.21. Attempted Synthesis of 1-(para-Tribromosilylphenyl)-1,2,2-
(2’,4’,6’-triisopropylphenyl)disilene 134 
 
A pentane solution of tBuLi (1.49 mL, 2.58 mml, 1.72 M, 2.01 eq) was added fast to a stirred 
solution of disilene 110c (1.055 g, 1.28 mmol, 1 eq) in 15 mL of Et2O at −100 °C. After 2 h at 
−78 °C the mixture was brought −50°C within 10 min, held at this temperature for 10 min and 
cooled back to −90 °C. SiBr4 (49 μL, 3.85 mmol, 3 eq) was added rapidly as a hexane 
solution precooled to −70 °C via cannula. The reaction mixture was held at −78 °C for 3 h. 
All volatiles were removed and salts were filtered of in hexane. 29Si NMR spectroscopy 
shows a mixture of saturated silicon species and the desired disilene 134. The product is 
temperature labile and decomposes above −20 °C. 
 
1H NMR (300.13 MHz, C6D6, 298 K): 7.30 (d, 2H, Ph-Ho), 7.24 (d, 2H, Ph-Hm), 7.13, 7.09, 
7.04 (s, 6H, Tip-H), 4.16, 3.96, 2.72 (sept, 9H, iPr-CH), 1.22, 1.20, 1.19, 1.18, 1.14, 1.12, 
1.09, 1.07, 1.0 (each d, altogether 54H, iPr-CH3).
 29Si NMR (59.62 MHz, C6D6, 298 K):  67.1 (Si-Ph), 62.4 (Si-Tip2), −26.5 (Si-Br3). 
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5.22. 1-(Bromo-bis(2’,4’,6’-Triisopropylphenyl)-2-(bromo-
(2’,4’,6’-triisopropylbenzene)-(4’-
tribromosilylphenyl))disilane 135 
 
In 10 mL diethyl ether disilene 110c (1.055 g, 0.284 mmol, 1 eq) was dissolved and cooled to 
−100 °C. Via syringe tBuLi (1.5 mL, 2.58 mmol, 1.72 M, 2 eq) was added fast to the stirring 
solution a colour changed from orange to orange-brown was observed. After 1.5 h 
temperature was elevated to −50 °C in 10 min, held at this temperature for 10 min and cooled 
back to −90 °C. SiBr4 as a precooled (−30 °C) solution in hexane was added via cannula. The 
orange red suspension decoloured over time. After 3 days, all volatiles were distilled off 
under reduced pressure and salts were filtered of in hexane. The product was crystallised from 
hexane to afford dibromodisilane 135 (1.2 g, 81 %). 
1H NMR (300.13 MHz, C6D6, 298 K): all coupling constants for phenyl protons ≈ 8 Hz,
 iPr-
CH septet:3J ≈ 7 Hz; iPr-CH3: 
3J ≈ 7 Hz  
 8.85 (d, 2H, Ph-H4/4’), 7.63 (d, 1H, Ph-H4/4’), 7.61 (d, 1H, Ph-H5/5’), 7.49 (d, 1H, PhH5/5’), 
7.08, (d, 1H, Tip-H (Si2)), 7.05 (s, 2H, Tip-H (Si1)), 7.03 (d, 1H, Tip-H (Si2)), 6.99 (d, 1H, 
Tip-H (Si2)), 6.95 (d, 1H, Tip-H (Si2)) , 3.97-2,67 (sept, 9H, iPr-CH), 1.50, 1.37, 1.35, 1.34, 
1.31, 1.25, 1.15, 1.14, 0.97, 0.51, 0.45, 0.41, 0.33, 0.28 (each d, altogether 54, iPr-CH3). 
13C NMR (75.46 MHz, C6D6, 298K):  158.48, 157.21, 155.75, 155.61, 154.84, 152.41, 
152.24, 151.72, 151.49 (Tip-Co/p), 146.29 (Ph-C6), 137.96 (Ph-C4), 136.11(Tip-Ci), 135.38 
(Ph-C4), 134.67 (Tip-Ci), 132.19 (Ph-C5), 131.59 (Ph-C5), 129.19 (Tip-Ci), 127.03 (Ph-C3), 
124.44, 124.21, 123.63, 123.16, 122.70 (Tip-Cm), 62.92, 62.80, 37.61, 37.38, 36.39, 36.25, 
34.80, 34.67, 34.55, 34.46, 33.58, 33.40, 31.99, 31.09 (iPr-CH), 29.54, 29.49, 27.80, 27.25, 
26.57, 26.21, 26.18, 25.86, 25.51, 24.03, 23.92, 23.87, 23.33, 23.20, 23.18, 22.85, 22.41, 
14.41(iPr-CH3).
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29Si NMR (59.62 MHz, C6D6, 298 K):  −11.0 (Si-Ph), −18.2 (Si-Tip2), −26.5 (Si-Br3). 
Elemental analysis: Calc. for C51 H73Br2Si6: C, 67.90; H, 8.16. Found: C, 67.63; H, 8.24. 
5.23. Synthesis of Bis(1,2,2-(2’,4’,6’-
Triisopropylphenyl)disilenylphenyl)-dibromosilane 138 
 
Disilenide 76 (959 mg, 1.124 mmol, 2 eq) was dissolved in benzene and added slowly to a 
cooled (−30 °C) solution of bis(4-bromophenyl) dibromosilane 143 in toluene/benzene (20 
mL, 1:1) over 5 min. 5 min after addition the cooling bath was removed and stirring was 
commenced for another 10 min at room temperature. All volatiles were removed under 
reduced pressure and salts were filtered of in hexane. Crystallisation from a concentrated 
solution in hexane afforded 138 as orange blocks (893 mg, 45 % (isolated), 90 % (NMR), mp. 
175 °C dec.). 
 
1H NMR (300.13 MHz, C6D6, 298 K):  7.30 (d,
3J(H-H) = 0.6 Hz, 8H, Ph-H), 7.13 (s, 4H, 
Tip-H, iPr-CH), 7.09 (s, 4H, Tip-H), 7.04 (s, 4H, Tip-H), 4.22, 4.14, 3.98, 2.75 (sept, 
altogether 24 H, iPr-CH) 1.22, 1.22, 1.20, 1.14, 1.10, 1.07(d, 108H, iPr-CH3). 
13C NMR (75.46 MHz, C6D6, 298K): 156.33, 155.74, 155.18, 151.98, 151.71, 151.00 (Tip-
Co/p), 143.94 (Ph-Cp), 135.58, 133.44 (Ph-Co/m), 133.03 (Ph-Ci), 132.55, 132.44, 129.91 (Tip-
Ci), 122.22, 122.17, 121.74 (Tip-Cm), 38.59, 38.36, 37.60, 35.02, 34.95, 34.81, 34.59 (
iPr-
CH), 27.28, 25.69, 24.71, 24.31, 24.22, 24.17, 23.99 (iPr-CH3). 
29Si NMR (59.62 MHz, C6D6, 298 K):68.5 (Si-Ph), 60.5 (Si-Tip2), −0.7 (Si-Br2)  
Elemental analysis: Calc. for C102H146Br2Si5: C, 73.25; H, 8.8. Found: C, 70.40; H, 8.25. 
UV/Vis (hexane): λmax 467 nm (from crude product). 
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5.24. Synthesis of 2,4,6-Triisopropylphenyl-tribromosilane 139 
(adapted from literature)[114] 
 
A solution of TipLi 96 (10 g, 35.2 mmol, 1 eq) in diethyl ether was added in portions to neat 
SiBr4 (21.03 g, 60.5 mmol, 1.7 eq) at −78 °C. After 1 h reaction was allowed to warm to room 
temperature and was stirred for another hour. All volatiles were removed and excess SiBr4 
recovered by distillation. The crude product was filtered from hexane to remove insoluble 
material and was left as a concentrated solution at −20 °C for crystallisation. Tribromosilane 
154 was obtained as a colourless solid. 
1H NMR (300.13 MHz, C6D6, 298 K):  7.02 (s, 2H, Tip-H), 3.63, 2.70 (sept, 3 H, 
iPrCH), 
1.21, 1.18 (d, 18 H, iPrCH3). 
29Si NMR (59.62 MHz, C6D6, 298 K): −35.9. 
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5.25. Attempted Synthesis of 1-(4’-(Dibromo-(2’,4’,6’-
triisopropylphenyl) silyl)phenyl)-1,2,2-(2’,4’,6’-
triisopropylphenyl)disilene 140 from a Variety of Conditions 
Method I 
 
A pentane solution of tBuLi (1.49 mL, 2.58 mml, 1.72 M, 2.01 eq) was added fast to solution 
of disilene 110c (1.055 g, 1.28 mmol, 1 eq) in 15 mL of Et2O at −100 °C. After 2 h 
temperature was elevated to −50 °C in 10 min, held at this temperature for 10 min and cooled 
back to −90 °C. TipSiBr3 was added as a solution in diethyl ether (−30 °C or room 
temperature) to the reaction (either fast or dropwise). The reaction was brought to room 
temperature over 6 h. all volatiles were removed by distillation under reduced pressure and 
salts were filtered of in hexane. According to 29Si NMR spectroscopy at least three 
unsaturated and several saturated derivatives were formed. Purification via crystallisation in a 
concentrated hexane solution failed. 
 
 
 
 
 
 
 
 
 
 
 
 
          110c                                 140 
139 
244 
 
Method II 
 
Disilenide 76 (1.061 g, 1.243 mmol, 1eq) was dissolved in benzene and was added slowly to 
a cooled (−30 °C) solution of dibromosilane 145 (0.68 g, 1.243mmol, 1 eq) in 
toluene/benzene (20 mL; 1:1) over 5 min. 5 min after addition the cooling bath was removed 
and reaction was maintained for another 10 min at room temperature. All volatiles were 
removed and salts were filtered of in hexane. The 1H-NMR spectrum shows the desired 
product in a mixture with at least two other products. Isolation attempts, however, failed.  
 
1H NMR (300.13 MHz, C6D6, 298 K): 7.32, 7.26 (d, each 2H, Ph-H) 7.14, 7.10, 7.05, 7.02 
(s, each 2H, Tip-H), 4.20, 4.12, 3.98, 3.63, 2.73 (sept, altogether 12H, iPr-CH), 1.25, 1.22, 
1.21, 1.19, 1.14, 1.13, 1.10, 1.09, 1.08 (d, 72H, iPr-CH3). 
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5.26. Attempted Synthesis of Tris(1,2,2-(2’,4’,6’-
triisopropylphenyl)disilenylphenyl)-bromosilane 141 
 
A pentane solution of tBuLi (0.73 mL, 1.49 mmol, 2.01 eq) was added a stirred solution of 
disilene 110c (0.61 g, 0.74 mmol, 1 eq) in 15 mL of Et2O at −100 °C via syringe. After 2 h at 
−78 °C the mixture was allowed to warm to −50 °C within 10 min, held at this temperature 
for another 10 min and then cooled down to −90 °C. SiBr4 (0.31 mL, 0.25 mmol, 0.33 eq) 
was added as a cooled ether solution (−70 °C) reaction mixture was held at −78 °C for 3 h. 
All volatiles were distilled of under reduced pressure and salts were filtered of in hexane. 29Si 
NMR revealed the major product of the reaction to be the disubstitution product 134. 
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5.27. Synthesis of 1-Tribromosilyl-4-bromobenzene 142 and Bis(4-
bromophenyl)-dibromosilane 143 
 
1-Iodo-4-bromobenzene (5.15 g, 18.2 mmol, 1 eq) was dissolved in 150 mL of hexane and a 
pentane solution of nBuLi (7.28 mL, 18.2 mmol, 2.5 M, 1 eq) was added via syringe dropwise 
to the stirring solution at room temperature. After 2 h, the reaction was cooled to 
–78 °C and diethyl ether (4 mL, 2 eq) was added to the suspension. Via cannula the 
suspension was added in portions to a solution of SiBr4 (20.35 mL, 164 mmol, 9 eq) in 
hexane at –78 °C. After addition was completed the diethyl ether was instantly removed by 
vacuum distillation from the cold but uncooled reaction flask. After 30 min at room 
temperature the formed salts were filtered in hexane and all volatiles were removed. Excess 
SiBr4 could be recovered by distillation under reduced pressure. The products were separated 
by fractioned sublimation (65 °C - 4x10–2 mbar; 78 °C - 4x10–2 mbar). Product determination 
was accomplished by separate reduction of the two bromosilanes with LiAlH4 in diethyl ether 
and subsequent comparison of the reduced silanes relative 1H-NMR signal intensities of Si-H 
and phenyl-H (ratio: 3:2:2 (Si-H : Ph-H) for 142; 2:4:4 (Si-H : Ph-H) for 143) . According to 
1H NMR spectroscopy of the crude product the two bromo silanes 142 and 143 were formed 
in a 30:70 ratio. 
142: 
1H NMR (300.13 MHz, C6D6, 298 K): 7.23 (d, 2H, 
3J(H-H) = 8 Hz, Ph-H1), 7.18 (d, 2H, 
3J(H-H) = 8 Hz, Ph-H2). 
Elemental analysis: Calc. for C6H4Br4Si: C, 17; H, 0.95. Found: C, 17.84; H, 0.92  
 
143: 
1H NMR (300.13 MHz, C6D6, 298 K): 7.19 (d, 2H, 
3J(H-H) = 8 Hz, Ph-H1), 7.09 (d, 2H, 
3J(H-H) = 8 Hz, Ph-H2). 
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5.28. Formation of (4-Bromophenyl)-(2,4,6-
triisopropylphenyl)silane 144 
 
To a cooled solution (−50 °C) of dichlorosilane 129 (233 mg, 0.506 mmol, 1eq) in hexane a 
suspension of LiAlH4 in hexane (759 μL, 1 M, 2 eq) was added via syringe. According to 
1H-
NMR all starting material was converted into silane 144 within 1 h. The reaction was filtered 
to remove insoluble material and dried under reduced pressure. 
1H NMR (300.13 MHz, CDCl3, 298 K): 7.47, 7.39 (d, each 2H, 
3J(H-H) = 8 Hz, Ph-H), 7.08 
(s, 2H, Tip-H), 5.00 (s, 1H, Si-H)4.92, 3.19, 2.83 (sept, 3H, (iPr-CH), 1.21, 1.19, 1.14, 1.12 
(iPr-CH3). 
5.29. Synthesis of 4-Bromophenyl-(2’,4’,6’-triisopropylphenyl)-
dibromosilane 145 from (4-Bromophenyl)-tribromosilane 
142 and TipLi 126 
 
A suspension of TipLi 126 in toluene (0.992 g, 4.72 mmol, 1 eq) was added dropwise to a 
cooled solution (–30 °C) of tribromo(4-bromophenyl)silane 142 (2 g, 4.72 mmol, 1eq) in 
toluene. After complete addition the cooling bath was removed and the suspension was stirred 
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at room temperature. Within 24 h 70 % conversion was observed via 1H NMR spectroscopy 
which did not further progress the following 3 days. The remaining TipLi 126 decomposed to 
TipH which could be partially removed by distillation under reduced pressure. After 
distillation of TipH, dibromosilane 145 was obtained in 90 % purity (10 % TipH) and was 
used in the next step without any further purification. 
 
1H NMR (300.13 MHz, C6D6, 298 K): 7.20 (d, 2H, 
3J(H-H) = 8 Hz, Ph-H), 7.09(d, 2H, 
3J(H-H) = 8 Hz, Ph-H), 7.02 (s, 2H, Tip-H), 3.63, 2.71 (sept, 3H, iPr-CH), 1.20, 1.17 (d, 18H, 
iPr-CH3). 
 
5.30. Attempted Synthesis of (4-Bromophenyl)-(2,4,6-
triisopropylphenyl)-dibromosilane 145 from (4-
Bromophenyl)-(2,4,6-triisopropyl phenyl)silane 144 
 
To a suspension of NBS (1-bromopyrrolidine-2,5-dione, 195 mg, 1.09 mmol, 2.16 eq) in 
benzene a solution of silane 144 (195 mg, 0.508 mmol, 1 eq) in benzene was added at 7 °C. 
After 90 min reaction was analysed by 1H NMR spectroscopy which showed a mixture of 
starting material side product and product. Another equivalent of NBS was added and the 
reaction was refluxed for 24 h while reaction was monitored frequently by 1H NMR 
spectroscopy. 1H NMR showed signals of several products also of cleaved TipH. The product 
could not be isolated from the product mixture. NBS was discarded as a bromination reagent 
due to unselective reactions with the starting material. 
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5.31. Synthesis of 1-Thiophenyl-1,2,2-(2’,4’,6’-
triisopropylphenyl)disilene 151 
 
To a solution of disilenide 76 (1.22g, 1.43 mmol, 1eq) in 10 mL of benzene 2-
bromothiophene (0.138 mL, 1.43 mmol, 1eq) was added via syringe to the stirring solution at 
room temperature. After 2 h all volatiles were distilled under reduced pressure and salts were 
removed by filtration in hexane. Concentration of the solution of about 0.5 mL afforded 151 
as an orange solid. 
 
1H NMR (300.13 MHz, C6D6, 298 K):  7.13, 7.11, 7.06 s, 6H, Tip-H), 7.03 (d, 
3J (H-H) = 
4.5 Hz 1H, Th-H2),6.97 (d, 
3J (H-H) = 3.5 Hz, 1H, Th-H4), 6.68 (t, 
3J (H-H) = 5.5 Hz, 1H, Th-
H3), 4.37, 4.21, 3.99, 2.73 (sept, 9H, 
iPr-CH), 1.28, 1.26, 1.23, 1.21, 1.20, 1.19, 1.18, 1.17, 
1.16, 1.15, 1.13, 1.13, 1.10, 1.07 (each d, altogether 54H, iPr-CH3). 
13C NMR (75.46 MHz, C6D6, 298K): 156.09, 155.76, 155.03, 151.85, 151.35, 150.82 (Tip-
Co/p), 137.67 (Th-Ci), 136.23 (Th-CH), 133.40, 132.64, 132.39 (Tip-Ci), 130.94, 128.59 (Th-
CH), 122.06, 121.92, 121.63 (Tip-Cm), 38.56, 38.34, 37.79, 34.90, 34.75, 34.59(
iPr-CH3), 
25.69, 24.73, 24.38, 24.12, 24.00 (iPr-CH3). 
29Si NMR (59.62 MHz, C6D6, 298 K):  58.7 (Si-Th), 57.4 (Si-Tip2). 
UV/Vis (hexane): λmax (ε) 439 nm (from crude product). 
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5.32. 1-Bromo-1,1-(2’,4’,6’-triisopropylphenyl)-2-(2’,4’,6’-
triisopropylphenyl)-2,2-dithiophenyldisilane 152 
 
To a solution of disilenide 76 (1.23g, 1.45 mmol, 1 eq) in 20 mL of benzene 2-
bromothiophene (0.42 mL, 4.34 mmol, 3 eq) was added via syringe at room temperature. 
After stirring overnight all volatiles were removed and salts were filtered of in hexane. 
Concentration of the solution to about 2 mL afforded crystals as yellow blocks. (0.43 g, 39 %, 
mp. 174 °C, no dec.). 
 
1H NMR (300.13 MHz, C6D6, 298 K): coupling constants in Tip-H doublet: 
4J ≈ 2 Hz; iPr-
CH septet: 3J ≈ 7 Hz; iPr-CH3 doublet: 
3J ≈ 7 Hz; any exceptions are mentioned below 
8.61 (br 1H, ThI-H4), 7.44 (d, 3J(H-H) = 3 Hz, 1H, ThII-H4), 7.23 (d, 
3J(H-H) = 5 Hz, 1H, 
ThII-H2), 7.19 (s, 1H, Tip-H), 7.14 (d,
 3J(H-H) = 5 Hz, 1H, ThI-H2), 7.09 (s, 2H, Tip-H), 7.06, 
6.99, 6.94 (s, each 1H, Tip-H), 6.88 (t, 3J(H-H) = 3.5 Hz, 1H, ThII-H3), 6.83 (t, 
3J(H-H) = 3.5 
Hz, 1H, ThI-H3), 4.64, 4.16, 3.62, 3.31, 2.71 (sept, altogether 9H, 
iPr-CH), 1.48, 1.47, 1.46, 
1.45, 1.42, 1.40, 1.17, 1.15, 1.14, 0.96, 0.64, 0.55, 0.52, 0.51, 0.45, 0.12 (each d, altogether 
110 H, iPr-CH3). 
13C NMR (75.46 MHz, C6D6, 298K): 158.22, 157.50, 156.32, 156.31, 154.32, 152.30, 
151.29, 151.00, 150.85 (Tip-Co/p), 141.80, 139.99 (Th
I
4/
II
3), 139.21(Th
I-C1), 138.85(Th
II-C1), 
136.66 (Tip-Ci), 132.96 (Th
I-C3), 131.55, 131.22 (Tip-Ci), 130.48 (Th
II-C4),128.55 (Th
I-C2), 
127.08(ThII-C2), 124.84 124.58, 124, 123.04 (Tip-Cm), 37.98, 37.68, 36.72, 34.98, 34.64, 
34.55, 34.42, 34.30, 33.49, 31.98(iPr-CH), 26.99, 26.80, 26.44, 25.71, 25.67, 24.86, 24.34, 
24.03, 24.00, 23.95, 23.89, 23.58, 23.07, 22.84, 14.37(iPr-CH3). 
29Si NMR (59.62 MHz, C6D6, 298 K):  −9.3 (Si-Th), −34.3 (Si-Tip2). 
Elemental analysis: Calc. for C53H75Br2S2Si2: C, 69.77; H, 8.29. Found: C, 68.16; H, 7.73. 
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5.33. Attempted Synthesis of 1-(4-Chlorothiophenyl)-1,2,2-
(2’,4’,6’-triisopropylphenyl)disilene 153 
 
1-Bromo-5-chlorothiophene (0.200 mL, 1.826 mmol, 1 eq) in benzene (15 mL) was added via 
cannula to a solution of disilenide 76 (1.558 g, 1.826 mmol, 1 eq) in benzene (10 mL). After 
10 min all volatiles removed and salts were filtered in hexane. 29Si NMR analysis showed a 
30/70 mixture of saturated and unsaturated silicon species with two signals each. Elongated 
reactions times only lead to formation of more saturated product. No crystals were obtained. 
1H NMR (300.13 MHz, C6D6, 298 K): inconclusive 
29Si NMR (59.62 MHz, C6D6, 298 K):  61.6, 55.6, −7.0, −16.1. 
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5.34. 1,1-(2’,4’,6’-Triisopropylphenyl)-1-bromo-2-(2’,4’,6’-
triisopropylphenyl)-2,2-(5-chloro-thiophenyl)disilane 154 
 
1-Bromo-5-chlorothiophene (0.321 mL, 2.93 mmol, 2.5 eq) in benzene (15 mL) was added 
via syringe to a solution of disilenide 76 (1 g, 1.17 mmol, 1 eq) in benzene (10 mL). The red 
colour of the starting material turned yellow within 24 h. All volatiles were removed and salts 
were filtered of in hexane. Removal of hexane gave a yellow-brown crude solid, which was 
crystallised from hexane to afford yellow crystals of disilane 154 (0.747 g, 65 %, mp.> 200 
°C no dec.). 
 
1H NMR (300.13 MHz, C6D6, 298 K): coupling constants in Tip-H: 
4J ≈ 2 Hz; iPr-CH septet: 
3J ≈ 7 Hz; iPr-CH3: 
3J ≈ 7 Hz; Thiophenyl groups 3J ≈ 3 Hz any exceptions are mentioned 
below 
 8.21 (br, 1H, Th-H3),7.16 (s, 1H, Tip-H), 7.05 (s, 2H, Tip-H), 7.02, (d, 1H, Tip-H), 6.98 (d, 
1H, Th-H3), 6.95 (d, 1H, Tip-H), 6.89 (d, 1H, Tip-H), 6.64 (d, 1H, Th-H2), 6.62 (d, 1H, Th-
H2), 4.49, 4.05, 3.52, 3.43, 3.12 (sept, each 2H, 
iPr-CH), 2.67 (sept, 10H, iPr-CH), 1.41, 1.40, 
1.38, 1.36, 1.30, 1.16, 1.13, 1.12, 0.99, 0.89, 0.87, 0.74, 0.54, 0.49, 0.43, 0.07 (each d, 
altogether 108H, iPr-CH3).  
13C NMR (75.46 MHz, C6D6, 298K):  158.25, 157.39, 156.23, 156.20, 154.25, 151.95, 
151.58, 151.44, 151.14 (Tip-Co/p), 141.56 (Th1), 139.28, 138.85, 138.40, 137.34 (Th2/3), 
136.01 (Th4), 135.43 (Th1), 130.80, 129.84, 126.84 (Tip-Ci), 124.87, 124.65, 124.37, 123.10, 
122.84 122.30 (Tip-Cm), 38.07, 37.79, 36.58, 35.08, 34.61, 34.53, 34.47, 34.38, 34.33, 
33.41(iPr-CH), 26.77, 26.57, 26.28, 25.72, 25.55, 24.65, 24.24, 23.97, 23.95, 23.88, 23.84, 
23.79, 23.52, 22.75, 14.30(iPr-CH3).
  
29Si NMR (59.62 MHz, C6D6, 298 K):  −10.39 (Si-Th), −35.72 (Si-Tip2).  
Elemental analysis: Calc. for C53H73BrCl2S2Si2: C, 64.87; H, 7.5. Found: C, 64.47; H, 7.56.  
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5.35. Attempted Synthesis of 5-Bromothiophenyl-(1,3,5-
triisopropyl phenyl)-dichlorosilane 158 
 
To a solution of 2,5-dibromothiophene (1 mL, 8.99 mmol, 1eq) in hexane (50 mL) a pentane 
solution of nBuLi (3.59 mL, 8.99 mmol, 2.5 M, 1 eq,) was added via syringe. After 2 h the 
suspension was cooled to −30 °C and added via cannula to a solution of trichlorosilane 96 
(3.04 g, 8.99 mmol, 1 eq) in hexane (−30 °C). 
The reaction brought to room temperature overnight. Judged from 29Si NMR at least three 
different products containing silicon were formed which were inseparable. 
5.36. Synthesis of 2,5-Bis(disilenyl)thiophene 160 
 
To a solution of disilenide 76 (1.22g, 1.43 mmol, 1eq) in 20 mL of benzene 2,5-
dibromothiophene (0.059 mL, 0.527 mmol, 1 eq) was added via syringe to the stirring 
solution at room temperature. After 20 min all volatiles were removed under reduced pressure 
and salts were filtered of in hexane.  
1H NMR (300.13 MHz, C6D6, 298 K): 7.06, 7.05, 7.01 s, 6H, Tip-H), 6.37 (s, 2H, Th-H) 
4.19, 3.85, 2.74 (sept, 9H, iPr-CH), 1.29, 1.27, 1.24, 1.22, 1.19, 1.17, 1.13, 1.12, 1.11, 1.10, 
1.04, 1.02(each d, altogether 54H, iPr-CH3).
13C NMR (75.46 MHz, C6D6, 298K):  156.11, 155.59, 154.98, 151.57, 151.33, 150.56 
(Tip-Co/p), 144.65 (Th-CH), 138.33(CTh-Si), 133.70, 133.23, 130.66, (Tip-Ci) 122.07, 121.96, 
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121.50 (Tip-Cm), 38.51, 38.08, 37.60, 34.88, 34.54 (
iPr-CH), 27.29, 25.95, 24.60, 24.32, 
24.11, 23.98 (iPr-CH3).
  
29Si NMR (59.62 MHz, C6D6, 298 K):  58.33(Si-Tip2), 58.12 (Si-Ph). 
UV/Vis (hexane): λmax() 512 nm (from crude product). 
5.37. Synthesis of 2,2’-Dibromo-5-5’-bithiophene 161[132]  
 
To a cooled solution (−78 °C) of 2,5-dibromothiophene (0.4 mL, 3.59 mmol, 1eq) in diethyl 
ether (20 mL) a pentane solution of nBuLi (1.58 mL, 3.95 mmol, 1.1 eq) was added via 
syringe. After 2 h dry CuBr2 (2.69 g, 12.04 mmol, 3.35 eq) was added to the reaction and the 
cooling bath was removed. After stirring for another 8 h the mixture was poured into ice 
water (50 mL) and extracted with chloroform (3x20 mL). The organic phase was washed with 
NaHCO3 (aq. 50 mL) and HCl (15 %, 25 mL) and dried over MgSO4. The solution was 
concentrated and deposited on a silica gel column with hexane as an eluent. The product was 
obtained as a colourless solid as the first chromatographic fraction (Rf = 0.40). 
1H NMR 
spectroscopy data was identical to literature values 
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5.38. Synthesis of 2,2’-Bis(1,2,2-(2’,4’,6’-
triisopropylphenyl)disilenyl)-5,5’-bithiophene 162 
 
To a solution of 2,2’-dibromo-5,5’-bithiophene 161 (150 mg 0.463 mmol, 1eq) in 10 mL of 
benzene a solution of disilenide 76 (790 mg, 0.926 mmol, 2eq) in 10 mL of benzene was 
added via cannula at room temperature. After 2 h all volatiles were removed and salts were 
filtered of in hexane. Concentration of the solution to about 1 mL afforded 162 as intensively 
red crystals (255 mg, 37 % mp. 188 °C dec.). 
1H NMR (300.13 MHz, C6D6, 298 K):  
s, 6H, Tip-H), 6.78, 6.66 (d, 3J (H-H = 3.5 Hz, 2H, Th-H2/3), 4.37, 4.2, 4.0, 
2.8 (sept, altogether 9H, iPr-CH), 1.31, 1.28, 1.26, 1.24, 1.21, 1.19, 1.16, 1.12, 1.10 (each d, 
altogether 54H, iPr-CH3).
 
13C NMR (75.46 MHz, C6D6, 298K): 156.20, 155.81, 155.0, 151.90, 151.52, 150.83 (Tip-
Co/p), 144.23 (Th-C3/3’), 138.57 (Th-C4/4’), 136.27 (Th-C2/2’), 133.46, 132.50, 130.49 (Tip-Ci), 
125.57 (Th-C1/1’), 122.07, 121.98, 121.67 (Tip-Cm), 38.58, 38.38, 37.82, 34.91, 34.80, 
34.58(iPr-CH), 25.79, 24.72, 24.39, 24.24, 24.11, 23.98(iPr-CH3). 
29Si NMR (59.62 MHz, C6D6, 298 K): δ 59.47(Si-Tip2), 56.18 (Si-Th). 
UV/Vis (hexane): λmax1() 490 nm (15000 Lmol
-1cm-1), 339 nm ( 19100 Lmol-1cm-1). 
Elemental analysis: Calc. for C98H142S2Si4: C, 78.65; H, 9.56. Found: C, 78.26; H, 9.49. 
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5.39. Para-N,N-dimethylaminophenyl-1,2,2-tris (2’,4’,6’-
triisopropylphenyl)disilene 166[42] 
 
At room temperature, a solution of disilenide 76 (1.0 g, 1.17 mmol) in 10 mL of benzene was 
slowly added to a solution of 4-bromo-N,N-dimethylaniline (0.234 mg, 1.17 mmol) in 
benzene. After 3 h all volatiles were removed and the formed salts filtered of in hexane. The 
crude product was left in a minimum amount of solvent for crystallisation. 
Orange crystals from hexane (0.67 g, 73 %, mp. 109 °C, dec.).   
 
1H NMR (500 MHz, C6D6):  7.31 (d, 2H, Ph-H), 7.16 (s, 2H, Tip-Ho), 7.14 (s, 2H, Tip-H), 
7.06 (s, 2H, Tip-H), 6.23 (d, Hz, 2H, Ph-Hm), 4.42 (sept, 2H, 
iPr-CH), 4.35 (sept, 2H, iPr-
CH), 4.08 (sept, 2H, iPr-CH), 2.79 (sept, 3H, iPr-CH), 2.73 (sept, 3H, iPr-CH), 2.35 (s, 6H, N-
(CH3)2), 1.28, 1.24, 1.21, 1.16, 1.09 (each d, altogether 58 H, iPr-CH3). 
13C NMR (125.75 MHz, C6D6, 298K):  156.22, 155.85, 155.01 (Tip-Co), 151.35, 150.86, 
150.80 (Tip-Cp), 150.28 (Ph-Ci), 137.55 (Ph-CH), 134.34, 134.10, 131.58 (Tip-Ci), 122.91 
(Ph-Ci), 121.98, 121.91, 121.52 (Tip-CH), 112.16 (Ph-CH), 39.57 (N-(CH3)2), 38.36, 38.05, 
37.62, 34.96, 34.77, 34.59 (iPr-CH), 31.99, 25.89, 25.25,24.72, 24.49, 24.22, 24.21, 24.07 
(iPr-CH3). 
29Si NMR (99.36 MHz, C6D6, 298 K):  75.0 (Si-Tip), 48.9 (Si-Tip2). 
UV/Vis (hexane): λmax (ε) 442 nm (22000 Lmol
-1cm-1). 
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5.40. Bis-4{1’,2’,2’[tris(2’,4’,6’-
triisopropylphenyl)disilenyl]phenylmethyl}amine 167 
 
At room temperature, a solution of disilenide 76 (1.0 g, 1.17 mmol) in 10 mL of benzene was 
slowly added to a solution of bis(para-bromophenyl)-methylamine (0.20 mg, 0.58 mmol) in 
benzene. After 3 h all volatiles were removed and the formed salts filtered of in hexane. The 
crude product was left in a minimum amount of solvent for crystallisation.   
Orange crystals from hexane 590 mg (31.9 %, mp. 168 – 172 °C dec.)  
 
1H NMR (500.13 MHz, C6D6, 298 K):  7.27 (d, 4H, Ph-H2), 7.14 (s, 4H, Tip-H), 7.10 (s, 
4H, Tip-H), 7.06 (s, 4H, Tip-H), 6.60 (d, 4H, Ph-H3), 4.35 (sept, 4H, 
iPr-CH), 4.27 (sept, 4H, 
iPr-CH), 4.05 (sept, 4H, iPr-CH), 2.77-2.72 (sept, 6H, iPr-CH), 1.26, 1.21, 1.20, 1.19, 1.15, 
1.14, 1.09, 1.08 (each d, altogether 54H, iPr-CH3). 
13C NMR (125.75 MHz, C6D6, 298K):  156.22, 155.73, 155.08 (Tip-Co), 151.11, 151.58 
150.57 (Tip-Cp), 148.90 (Ph-C4), 137.34 (Ph-C2), 133.81, 133.42, 130.98 (Tip-Ci), 129.75 
(Ph-C1), 122.05, 121.96, 121.65 (Tip-Cm), 119.94 (Ph-C3), 39.31 (N-CH3), 38.39, 38.12, 
37.58, 34.93, 34.80, 34.59 (iPr-CH), 25.79, 24.70, 24.39, 24.16, 24.02 (iPr-CH3). 
29Si NMR (99.36 MHz, C6D6, 298 K):  72.7 (Si-Ph), 52.6 (Si-Tip2). 
UV/Vis (hexane): λmax () 448 nm (19520 Lmol
-1cm-1). 
Elemental analysis: Calc. for C103H149NSi4: C, 81.73; H, 9.92; N, 0.93. Found: C, 82; H, 
9.46; N, 1.04  
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5.41. Tris-4{1’,2’,2’[tris(2’,4’,6’-
triisopropylphenyl)disilenyl}phenyl-amine 168[42] 
 
At room temperature, a solution of disilenide 76 (1.99 g, 2.33 mmol) in 10 mL of benzene 
was slowly added to a solution of tris(para-bromo phenyl)amine (0.372 mg, 0.77 mmol) in 
benzene. After 48 h all volatiles were removed and the formed salts filtered of in hexane. The 
crude product was left in a minimum amount of solvent for crystallisation. 
Orange crystals from hexane 1.28 g (73 %, mp. > 190 °C dec.) 
 
1H NMR (500 MHz, C6D6):  7.24 (d, 6H, Ph-H2), 7.11 (s, 6H, Tip-H), 7.07 (s, 6H, Tip-H), 
7.04 (s, 6H, Tip-H), 6.74 (d, 6H, Ph-H3), 4.28 (sept, 6H, 
iPr-CH), 4.21 (sept,6H, iPr-CH), 4.01 
(sept, 6H, iPr-CH), 2.80 (sept, 3H, iPr-CH), 2.76 (sept, 3H, iPr-CH), 2.71 (sept, 3H, iPr-CH), 
1.22, 1.21, 1.19, 1.18, 1.15, 1.10, 1.01, 1.07, 1.05 (each d, altogether 162H, iPr-CH3). 
13C NMR (125.75 MHz, C6D6, 298K):  156.17, 155.56, 155.02, (Tip-Co) 151.55, 151.08, 
150.59 (Tip-Cp), 147.74 (Ph-C4), 137.31(Ph-CH2), 133.55, 133.03, 132.22 (Tip-Ci), 130.58 
(Ph-C1), 123.78 (Ph-CH3), 122.00, 121.89, 121.65 (Tip-CH), 38.33, 38.10, 37.50, 34.87, 
34.76, 34.55 (iPr-CH), 25.68, 24.95, 24.62, 24.40, 24.29, 24.27, 24.09, 23.97 (iPr-CH3).  
29Si NMR (99.36 MHz, C6D6, 298 K):  71.9 (Si-Ph), 53.8 (Si-Tip2). 
UV/Vis (hexane): λmax (ε) 460 nm (67000 Lmol
-1cm-1). 
Elemental analysis: Calc. for C153 H219Si6N: C, 82.00; H, 9.85; N, 0.625. Found: C, 81.03; 
H, 10.00; N, 0.71.  
 
 
 
 
 
          
 76              168 
                                               
259 
 
5.42. Synthesis of 1-{[1’-Bromo-bis(2’’,4’’,6’’-triisopropylphenyl)-
2’-(2’’,4’’,6’’-triisopropylphenyl)]disilenyl}-1,2,2-(2’,4’,6’-
triisopropylphenyl)disilene 173 
 
A solution of disilenide 76 (1.3 g, 1.523 mmol, 3 eq) in diethyl ether was added dropwise to a 
cooled solution of bis(4-bromophenyl)amine (0.166 g, 0.508, 1eq) in diethyl ether (-78 °C). 
After 1 h temperature was slowly brought to room temperature. All volatiles were removed 
and the crude product was filtered in hexane to remove insoluble material. 
From a concentrated hexane solution a minor amount of purple crystals could be obtained 
at -35 °C.  
1H NMR (500 MHz, C6D6): complete analysis impossible due to broad and overlapping 
signals diagnostic resonances are listed below: 
6.89, 6.68, 6.63, 6.06 (s, Tip-H) 4.56, 4.36, 4.24, 4.16, 4.04, 3.93, 3.75, 3.56, 3.50, 3.31, 
3.30, 3.24, 3.10, 3.02 (sept, iPr-CH), 2.13, 1.88, 1.83, 1.74, 1.64, 1.52, 0.61, 0.54, 0.48, 0.44, 
0.32, 0.28, 0.20, 0.11, 0.02 (d, iPr-CH3). 
29Si NMR (99.36 MHz, C6D6, 298 K): −6.8, −58.8.
UV/Vis (hexane): λmax () 439 nm (from crude product). 
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5.43. Attempted Synthesis of Bis(4-disilenylphenyl)lithioamide 174 
 
Bis(4-bromophenyl)amine (500 mg, 1.529 mmol, 1 eq) was dissolved in hexane and cooled to 
−78 °C. A pentane solution of nBuLi (0.612 mL, 2.5 M, 1 eq) was added via syringe. The 
formed precipitate was stirred for 1 h and was collected by filtration. After removal of all 
volatiles diethyl ether was added via cannula. Disilenide 76 (2.61 g, 3,06 mmol, 2 eq) was 
added as a solution in diethyl ether dropwise to the cold solution (−78 °C). After 3 h reaction 
was slowly brought to room temperature. All volatiles were removed and formed salts filtered 
of in hexane.29Si NMR spectroscopy shows multiple signals which relate to unsaturated 
silicon species. No product could be isolated. An analogous reaction at room temperature did 
not improve the result. 
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5.44. Attempted Synthesis of Bis(4-disilenylphenyl)-
(tetrabutlyammonium)amide 176 
 
Bis(4-bromophenyl)amine (500 mg, 1.529 mmol, 1 eq) was dissolved in hexane and cooled to 
−78 °C. A pentane solution of nBuLi (0.96 mL, 1.6 M, 1 eq) was added via syringe. The 
formed precipitate was stirred for 1 h and was separated from the supernatant solution by 
cannula filtration. After removal of all volatiles diethyl ether was added via cannula. nBu4NCl 
(446 mg, 1.605 mmol, 1.05 eq) was added as a solution in diethyl ether at 0 °C. After 1 h 
solvent was replaced by hexane and insoluble material was filtered of. Hexane removed under 
reduced pressure and diethyl ether was added. A solution of disilenide 76 (2.61 g, 3.06 mmol, 
2 eq) in diethyl ether was added dropwise to the amide at −78 °C. After 3 h the reaction was 
allowed to warm to room temperature. NMR results similar to lithioamide reaction 
(inconclusive) 
Repetition of the reaction at room temperature did not improve the result. 
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5.45. Carbazol Dendrimer 177 (TCTA) (modified from 
literature)[126a] 
 
A mixture of tris(4-bromophenyl)amine (0.92 g, 1.9 mmol, 1 eq), carbazol (1.11 g, 6.7 mmol, 
3.53 eq), CuI (0.11g, 0.58 mmol, 0.31 eq), 1,10-phenanthroline (0.21 g, 1.17 mmol, 0.62 eq) 
and Cs2CO3 (2.45 g, 12.7 mmol, 6.68 eq) was suspended in 10 mL of DMF. The mixture was 
heated (120 °C) for 24 h. The resulting brown sticky residue was extracted with CH2Cl2 
(5x50 mL). The organic extracts were combined and dried over MgSO4. The crude product 
was dissolved in a small amount of hot THF and precipitated by addition of ethanol. The solid 
was collected by filtration and the process repeated for purification if necessary (0.774 g, 
55%) 
NMR analysis was in agreement with literature 
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5.46. Synthesis of Diphenyl Dendrimer 179 (TDATA) (modified 
from literature)[127] 
 
At 0 °C a pentane solution of nBuLi (5.82 mL, 9.31 mmol, 1.6 M, 3.57 eq) was added to a 
stirring solution of diphenylamine (1.5 g, 8.86 mmol, 3.4 eq) in toluene (50 mL). The formed 
suspension was stirred for 2 h and cannula transferred to a flask charged with tris(4-
bromophenyl)amine (1.26 g, 2.61 mmol, 1 eq), tris(o-tolyl)phosphine ( 32 mg, 0,104 mmol, 
0,04 eq) and bis(tris(o-tolyl)phosphine))palladium(0) (52 mg, 0,073 mmol, 0,028 eq) in 
toluene (100 mL). The mixture war refluxed for 14 h. The cooled reaction mixture was 
filtered through celite® and all volatiles were removed under reduced pressure. The residue 
was dissolved in hot THF and precipitated by addition of ethanol. The solid was collected by 
filtration and the process repeated for purification if necessary (1.46 g, 75 %). 
1H NMR analysis was in agreement with literature 
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5.47. Bromination of TCTA 177 (modified from literature)[126b] 
 
Bromination was carried out in analogy to Br6-TDATA 180 under the same conditions. Br6-
TCTA 178 (0.201 g, 51 %) is insoluble in all common solvents and was used without further 
analysis in the following reaction with six equivalents of disilenide 76 to the corresponding 
hexa(disilenyl) dendrimer 181. 
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5.48. Bromination of TDATA 180 (modified from literature)[126b] 
 
The diphenyldendrimer 179 (0.242 g, 0.324 mmol, 1eq) was dissolved in CHCl3 (20 mL) in a 
25 mL flask and cooled to 0 °C. In the dark a solution of bromine (0.116 mL, 2.27 mmol, 7 
eq) in CHCl3 (5 mL) was added dropwise. The completely filled round bottom flask was 
sealed with a rubber stopper and left in the melting ice bath in the dark for 20 h. The reaction 
mixture was quenched with sodium thiosulfate stirred for 10 min until the mixture turned pale 
green. The reaction was neutralized y addition of a concentrated potassium carbonate solution 
and was stirred for another 10 minutes. The reaction was filtered and the solids washed with 
water, dichloromethane and acetone. The pale grey solid was washed in boiling THF for 10 
min and the product was obtained as a yellow solid (0.186 g, 47 %). Br6-TDATA 180 is 
insoluble in all common deuterated solvents and was used without further analysis in the 
following reaction with six equivalents of disilenide 76 to furnish the hexadisilenyl dendrimer 
182. 
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5.49. Reaction of Disilenide 76 with Br6-TCTA 178 
 
Br6-TCTA 178 (0.186 g, 0.153 mmol, 1eq) was suspended in toluene (125 mL) with a 
dropping funnel attached containing disilenide 76 (0.784 g, 0.919 mmol, 6 eq) dissolved in 
toluene (17 mL). The suspension was heated to 70 °C and disilenide 76 was added slowly 
over 4.5 h. After complete addition the reaction mixture was cooled to room temperature and 
left over night for completion of the reaction. All volatiles were removed and salts were 
filtered of in hexane. The crude product was obtained as an orange red solid after removal of 
hexane under reduced pressure. 
 
1H NMR (300.13 MHz, C6D6, 298 K): 8.42 (br, 12H), 7.60 (d, 
3J(H-H) = 8.5 Hz, 12H), 
7.13 (s, 12H, Tip-H), 7.08 (s, 12H, Tip-H), 7.07 (s, 12H, Tip-H), 4.45 (m, 6H, iPr-CH), 4.26 
(m, 6H, iPr-CH), (br., 6H, iPr-CH), 2.80, 2,72(m, altogether 18H, iPr-CH), most aliphatic 
signals too broad for analysis 1.28, 1.24, 1.23, 1.15 (each d, iPr-CH3).  
13C NMR (75.46 MHz, C6D6, 298K):  156.18, 155.71, 155.06 (Tip-Co), 151.52, 150.92, 
150.59 (Tip-Cp), 147.74, 146.38, 141.79, 134.75 (dendrimer backbone), 133.93, 133.64, 
131.18 (Tip-Ci), 130.81 126.06, 124.93, 125.21, 123.98 (dendrimer backbone), 122.07, 
121.99, 121.67 (Tip-CH), 109.86 (dendrimer backbone), 38.58, 38.10, 37.71, 34.94, 34.81, 
34.60 (iPr-CH), 27. 22, 25.66, 24.68, 24.39, 24.28, 24, 20, 24.04 (iPr-CH3).  
29Si NMR (59.62 MHz, C6D6, 298 K): δ 73.7 (Si-Ph), 54.1 (Si-Tip2). 
UV/Vis (hexane): λmax1() 445 nm, λmax2() 326 nm (from crude product). 
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5.50. Reaction of Disilenide 76 with Br6-TDATA 180 
 
Br6-TDATA 180 (0.186 g, 0.152 mmol, 1eq) was suspended in toluene (125 mL) with a 
dropping funnel attached containing disilenide 76 (0.780 g, 0.915 mmol, 6 eq) dissolved in 
toluene (17 mL). The suspension was heated to 70 °C and the disilenide 76 was added 
dropwise over 4.5 h. After addition the reaction mixture was cooled to room temperature and 
left stirring over night for completion of the reaction. All volatiles were removed and salts 
were filtered of in hexane. The crude product was obtained as a red solid after removal of 
hexane under reduced pressure.  
 
1H NMR (300.13 MHz, C6D6, 298 K): 7.23 (d, 
3J(H-H) = 7.93 Hz, 12H), 7.14 (s, 12H, Tip-
H), 7.10 (s, 12H, Tip-H), 7.06 (s, 12H, Tip-H), 6.77 (d, 3J(H-H) = 8.41 Hz, 12H), 4.28 (m, 
24H, iPr-CH), 4.03 (m, 12H, iPr-CH), 2.77 (m, 36H, iPr-CH), most aliphatic signals too broad 
for analysis 1.14, 1.09 (each d, iPr-CH3).  
13C NMR (75.46 MHz, C6D6, 298K):  156.19, 155.64, 155.06 (Tip-Co), 151.59, 151.14, 
150.63 (Tip-Cp), 148.03 (Ph-C4), 143.41, 142.47 (dendrimer backbone), 137.44 (Ph-C2), 
133.62, 133.16, 131.76 (Tip-Ci), 130.81 (Ph-C1), 126.06, 124.93 (dendrimer backbone), 
123.38 (Ph-C3), 122.03, 121.68 (Tip-CH), 38.42, 38.18, 37.60, 34.92, 34.80, 34.61 (
iPr-CH), 
27.28, 25.74, 25.68, 24.70, 24.34, 24.18, 24.04 (iPr-CH3).  
29Si NMR (59.62 MHz, C6D6, 298 K): δ 72.0 (Si-Ph), 53.4 (Si-Tip2).  
UV/Vis (hexane): λmax1() 453 nm, λmax2() 347 nm (from crude product). 
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LDI-MS: 1095 (72), 1110 (42), 1123 (46), 1173 (49), 1189 (99), 1201 (67), 1279 (17), 1357 
(15), 1372 (27), 1435 (40), 1447 (50), 1524 (9), 1618 (18), 1642 (69), 1653 (66), 1694 (29), 
1731 (22), 1822 (18), 1883 (18), 1899 (47), 1940 (19), 1974 (10), 2069 (20, ), 2131 (38), 
2145(65), 2221 (14), 2313 (11), 2377 (24), 2392 (42), 2519 (9), 2562 (19), 2597 (57), 2636 
(24), 2671 (12), 2808 (20), 2824 (32), 2843 (54), 2919 (14), 3011 (19), 3072 (17), 3088 (29), 
3241 (13, product –disilenylphenyl), 3257 (27), 3293 (42), 3299 (42), 3333 (33), 3371 (16), 
3463 (9), 3540 (18), 3580 (16), 3594 (11), 3708 (20), 3768 (25), 3788 (44), 3825 (16), 3973 
(11), 4016 (22), 4036 (38), 4159 (9), 4219 (15), 4239 (33), 4277 (15), 4448 (17), 4483 (49), 
4495 (47), 4558 (7), 4730 (10, product), 4743 (8), 4935 (34, product peroxigenated), 4948 
(34).
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7.2. Crystal data and Structure refinement for 110a 
 
Identification code DS1001  
Empirical formula C51 H73 F Si2 
Formula weight 761.27 
Temperature 173(2) K 
Diffractometer, wavelength OD Xcalibur PX Ultra, 1.54184 Å 
Crystal system, space group Monoclinic, P2(1) 
Unit cell dimensions a = 15.38356(8) Å  = 90° 
 b = 16.80979(9) Å = 100.2271(5)° 
 c = 37.8732(2) Å  = 90° 
Volume, Z 9638.19(9) Å3, 8 
Density (calculated) 1.049 Mg/m3 
Absorption coefficient 0.919 mm-1 
F(000) 3328 
Crystal colour / morphology Yellow blocks 
Crystal size 0.28 x 0.27 x 0.09 mm3 
range for data collection 2.37 to 72.58° 
Index ranges -18<=h<=13, -20<=k<=20, -41<=l<=46 
Reflns collected / unique 73962 / 36582 [R(int) = 0.0262] 
Reflns observed [F>4(F)] 33450 
Absorption correction Analytical 
Max. and min. transmission 0.924 and 0.805 
Refinement method Full-matrix least-squares on F2 
Data / restraints / parameters 36582 / 439 / 2024 
Goodness-of-fit on F2 1.045 
Final R indices [F>4(F)] R1 = 0.0470, wR2 = 0.1245 
 R1+ = 0.0472, wR2+ = 0.1250 
 R1- = 0.0507, wR2- = 0.1345 
R indices (all data) R1 = 0.0519, wR2 = 0.1272 
Absolute structure parameter x+ = 0.167(11), x- = 0.833(11) 
 partial racemic twin 
Largest diff. peak, hole 0.701, -0.284 eÅ-3 
Mean and maximum shift/error 0.000 and 0.001 
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7.3. Crystal data and Structure refinement for 110b 
 
Identification code DS0921 
Empirical formula C51 H73 Cl Si2 
Formula weight 777.72 
Temperature 173(2) K 
Diffractometer, wavelength OD Xcalibur PX Ultra, 1.54184 Å 
Crystal system, space group Monoclinic, P2(1)/c 
Unit cell dimensions a = 18.55902(9) Å  = 90° 
 b = 12.81965(5) Å  = 109.6339(5)° 
 c = 21.65869(9) Å  = 90° 
Volume, Z 4853.43(3) Å3, 4 
Density (calculated) 1.064 Mg/m3 
Absorption coefficient 1.386 mm-1 
F(000) 1696 
Crystal colour / morphology Bright orange blocks 
Crystal size 0.32 x 0.22 x 0.08 mm3 
 range for data collection 2.53 to 72.47° 
Index ranges -22<=h<=22, -15<=k<=15, -22<=l<=26 
Reflns collected / unique 55005 / 9592 [R(int) = 0.0263] 
Reflns observed [F>4(F)] 8423 
Absorption correction Analytical 
Max. and min. transmission 0.903 and 0.738 
Refinement method Full-matrix least-squares on F2 
Data / restraints / parameters 9592 / 63 / 514 
Goodness-of-fit on F2 1.086 
Final R indices [F>4(F)] R1 = 0.0375, wR2 = 0.1050 
R indices (all data) R1 = 0.0434, wR2 = 0.1081 
Largest diff. peak, hole 0.251, -0.294 eÅ-3 
Mean and maximum shift/error 0.000 and 0.002 
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7.4. Crystal data and Structure refinement for 110c 
 
Identification code DS0914 
Empirical formula C51 H73 Br Si2 
Formula weight 822.18 
Temperature 173(2) K 
Diffractometer, wavelength OD Xcalibur 3, 0.71073 Å 
Crystal system, space group Monoclinic, P2(1)/c 
Unit cell dimensions a = 18.5602(3) Å = 90° 
 b = 12.84960(16) Å  = 109.5139(16)° 
 c = 21.6993(3) Å  = 90° 
Volume, Z 4877.84(13) Å3, 4 
Density (calculated) 1.120 Mg/m3 
Absorption coefficient 0.923 mm-1 
F(000) 1768 
Crystal colour / morphology Orange blocks 
Crystal size 0.43 x 0.31 x 0.14 mm3 
range for data collection 2.97 to 31.97° 
Index ranges -26<=h<=26, -19<=k<=13, -29<=l<=31 
Reflns collected / unique 43582 / 14784 [R(int) = 0.0228] 
Reflns observed [F>4(F)] 8546 
Absorption correction Analytical 
Max. and min. transmission 0.889 and 0.740 
Refinement method Full-matrix least-squares on F2 
Data / restraints / parameters 14784 / 57 / 514 
Goodness-of-fit on F2 0.909 
Final R indices [F>4(F)] R1 = 0.0357, wR2 = 0.0856 
R indices (all data) R1 = 0.0712, wR2 = 0.0895 
Largest diff. peak, hole 0.475, -0.550 eÅ-3 
Mean and maximum shift/error 0.000 and 0.002 
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7.5. Crystal data and Structure refinement for 112 
 
Identification code DS1013 
Formula C51 H73 F Si2 
Formula weight 761.27 
Temperature 173 K 
Diffractometer, wavelength OD Xcalibur PX Ultra, 1.54184 Å 
Crystal system, space group Monoclinic, P2(1)/c 
Unit cell dimensions a = 11.13702(8) Å  = 90° 
 b = 30.12062(18) Å  = 105.8979(7)° 
 c = 14.76487(9) Å  = 90° 
Volume, Z 4763.49(6) Å3, 4 
Density (calculated) 1.062 Mg/m3 
Absorption coefficient 0.930 mm-1 
F(000) 1664 
Crystal colour / morphology Yellow blocks 
Crystal size 0.37 x 0.28 x 0.20 mm3 
 range for data collection 2.93 to 72.48° 
Index ranges -13<=h<=9, -37<=k<=35, -18<=l<=16 
Reflns collected / unique 39110 / 9304 [R(int) = 0.0252] 
Reflns observed [F>4(F)] 8434 
Absorption correction Analytical 
Max. and min. transmission 0.862 and 0.804 
Refinement method Full-matrix least-squares on F2 
Data / restraints / parameters 9304 / 6 / 492 
Goodness-of-fit on F2 1.109 
Final R indices [F>4(F)] R1 = 0.0509, wR2 = 0.1306 
R indices (all data) R1 = 0.0553, wR2 = 0.1327 
Largest diff. peak, hole 0.722, -0.282 eÅ-3 
Mean and maximum shift/error 0.000 and 0.001 
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7.6. Crystal data and Structure refinement for 119 
 
Identification code DS1108 
Formula C54 H82 Si3 
Formula weight 815.47 
Temperature 173 K 
Diffractometer, wavelength OD Xcalibur PX Ultra, 1.54184 Å 
Crystal system, space group Triclinic, P-1 
Unit cell dimensions a = 13.3038(4) Å  = 96.652(2)° 
 b = 14.3604(5) Å  = 101.045(2)° 
 c = 16.2425(4) Å  = 115.134(3)° 
Volume, Z 2688.48(16) Å3, 2 
Density (calculated) 1.007 Mg/m3 
Absorption coefficient 1.028 mm-1 
F(000) 896 
Crystal colour / morphology Yellow blocks 
Crystal size 0.40 x 0.29 x 0.22 mm3 
 range for data collection 2.84 to 72.48° 
Index ranges -15<=h<=16, -17<=k<=16, -20<=l<=12 
Reflns collected / unique 21727 / 10410 [R(int) = 0.0245] 
Reflns observed [F>4(F)] 8831 
Absorption correction Analytical 
Max. and min. transmission 0.852 and 0.762 
Refinement method Full-matrix least-squares on F2 
Data / restraints / parameters 10410 / 171 / 592 
Goodness-of-fit on F2 1.079 
Final R indices [F>4(F)] R1 = 0.0664, wR2 = 0.1824 
R indices (all data) R1 = 0.0748, wR2 = 0.1897 
Largest diff. peak, hole 0.401, -0.376 eÅ-3 
Mean and maximum shift/error 0.000 and 0.001 
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7.7. Crystal data and Structure refinement for 123 
 
Identification code  sh3294 
Empirical formula  C204 H292 Si9 
Formula weight  2997.19 
Temperature  132(2) K 
Wavelength  0.71073 Å 
Crystal system  Tetragonal 
Space group  P-4 
Unit cell dimensions a = 18.4208(7) Å = 90°. 
 b = 18.4208(7) Å = 90°. 
 c = 14.2826(9) Å  = 90°. 
Volume 4846.5(4) Å3 
Z 1 
Density (calculated) 1.027 Mg/m3 
Absorption coefficient 0.110 mm-1 
F(000) 1642 
Crystal size 0.92 x 0.79 x 0.76 mm3 
 range for data collection 1.11 to 27.16°. 
Index ranges -19<=h<=23, -19<=k<=23, -18<=l<=14 
Reflections collected 47314 
Independent reflections 10753 [R(int) = 0.0396] 
Completeness to = 27.16° 99.9 %  
Absorption correction Semi-empirical from equivalents 
Max. and min. transmission 0.9214 and 0.9063 
Refinement method Full-matrix least-squares on F2 
Data / restraints / parameters 10753 / 142 / 498 
Goodness-of-fit on F2 1.049 
Final R indices [I>2(I)] R1 = 0.0399, wR2 = 0.0924 
R indices (all data) R1 = 0.0486, wR2 = 0.0972 
Absolute structure parameter -0.07(7) 
Largest diff. peak and hole 0.363 and -0.167 e.Å-3 
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7.8. Crystal data and Structure refinement for 125 
 
Identification code  sh3180 
Empirical formula  C53.50 H79 Cl5 Si3 
Formula weight  1028.15 
Temperature  152(2) K 
Wavelength  0.71073 Å 
Crystal system  Monoclinic 
Space group  P2(1) 
Unit cell dimensions a = 10.7050(7) Å = 90°. 
 b = 15.5941(9) Å = 94.943(3)°. 
 c = 17.9452(10) Å  = 90°. 
Volume 2984.5(3) Å3 
Z 2 
Density (calculated) 1.144 Mg/m3 
Absorption coefficient 0.959 mm-1 
F(000) 1090 
Crystal size 0.41 x 0.36 x 0.03 mm3 
range for data collection 1.73 to 26.56°. 
Index ranges -13<=h<=13, -19<=k<=19, -22<=l<=22 
Reflections collected 24760 
Independent reflections 11958 [R(int) = 0.0692] 
Completeness to = 26.56° 98.6 %  
Absorption correction Semi-empirical from equivalents 
Max. and min. transmission 0.9737 and 0.6969 
Refinement method Full-matrix least-squares on F2 
Data / restraints / parameters 11958 / 299 / 754 
Goodness-of-fit on F2 1.047 
Final R indices [I>2(I)] R1 = 0.0759, wR2 = 0.1591 
R indices (all data) R1 = 0.2083, wR2 = 0.1994 
Absolute structure parameter 0.417(15) 
Largest diff. peak and hole 0.466 and -0.352 e.Å-3 
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7.9. Crystal data and Structure refinement for 128 
 
Identification code  sh3238 
Empirical formula  C12 H8 Br2 Cl2 Si 
Formula weight  410.99 
Temperature  132(2) K 
Wavelength  0.71073 Å 
Crystal system  Triclinic 
Space group  P-1 
Unit cell dimensions a = 6.0854(2) Å = 98.413(2)°. 
 b = 9.5984(4) Å = 99.467(2)°. 
 c = 12.4300(5) Å  = 98.472(2)°. 
Volume 697.43(5) Å3 
Z 2 
Density (calculated) 1.957 Mg/m3 
Absorption coefficient 6.254 mm-1 
F(000) 396 
Crystal size 0.48 x 0.45 x 0.14 mm3 
range for data collection 2.18 to 36.66°. 
Index ranges -10<=h<=10, -16<=k<=16, -20<=l<=20 
Reflections collected 25512 
Independent reflections 6898 [R(int) = 0.0529] 
Completeness to = 36.66° 99.6 %  
Absorption correction Semi-empirical from equivalents 
Max. and min. transmission 0.4790 and 0.1544 
Refinement method Full-matrix least-squares on F2 
Data / restraints / parameters 6898 / 0 / 186 
Goodness-of-fit on F2 1.028 
Final R indices [I>2(I)] R1 = 0.0348, wR2 = 0.0712 
R indices (all data) R1 = 0.0569, wR2 = 0.0785 
Largest diff. peak and hole 1.651 and -1.053 e.Å-3 
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7.10. Crystal data and Structure refinement for 129 
 
Identification code  sh3242 
Empirical formula  C21 H27 Br Cl2 Si 
Formula weight  458.33 
Temperature  293(2) K 
Wavelength  0.71073 Å 
Crystal system  Triclinic 
Space group  P-1 
Unit cell dimensions a = 9.866(2) Å = 79.02(3)°. 
 b = 12.710(3) Å = 86.51(3)°. 
 c = 19.633(4) Å = 71.23(3)°. 
Volume 2288.3(8) Å3 
Z 4 
Density (calculated) 1.330 Mg/m3 
Absorption coefficient 2.084 mm-1 
F(000) 944 
 range for data collection 2.42 to 28.10°. 
Index ranges -12<=h<=13, -16<=k<=16, -24<=l<=25 
Reflections collected 21661 
Independent reflections 10089 [R(int) = 0.0973] 
Completeness to  = 28.10° 90.5 %  
Absorption correction None 
Refinement method Full-matrix least-squares on F2 
Data / restraints / parameters 10089 / 4 / 483 
Goodness-of-fit on F2 1.100 
Final R indices [I>2(I)] R1 = 0.0791, wR2 = 0.1871 
R indices (all data) R1 = 0.1682, wR2 = 0.2092 
Largest diff. peak and hole 0.898 and -0.614 e.Å-3 
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7.11.  Crystal data and Structure refinement for 135 
 
Identification code  sh3226 
Empirical formula  C50 H76 Br5 Si3 x C5 H12 
Formula weight  1233.07 
Temperature  122(2) K 
Wavelength  0.71073 Å 
Crystal system  Monoclinic 
Space group  P2(1) 
Unit cell dimensions a = 10.6719(15) Å = 90°. 
 b = 15.838(2) Å = 93.626(6)°. 
 c = 17.639(2) Å  = 90°. 
Volume 2975.5(7) Å3 
Z 2 
Density (calculated) 1.376 Mg/m3 
Absorption coefficient 3.470 mm-1 
F(000) 1270 
Crystal size 0.20 x 0.15 x 0.02 mm3 
range for data collection 1.16 to 26.54°. 
Index ranges -13<=h<=13, -19<=k<=16, -21<=l<=22 
Reflections collected 24175 
Independent reflections 11586 [R(int) = 0.1551] 
Completeness to = 26.54° 98.8 %  
Absorption correction Multi scan 
Max. and min. transmission 0.9466 and 0.5437 
Refinement method Full-matrix least-squares on F2 
Data / restraints / parameters 11586 / 531 / 689 
Goodness-of-fit on F2 0.954 
Final R indices [I>2(I)] R1 = 0.0862, wR2 = 0.1586 
R indices (all data) R1 = 0.3184, wR2 = 0.2234 
Absolute structure parameter 0.009(19) 
Largest diff. peak and hole 0.620 and -0.669 e.Å-3 
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7.12. Crystal data and Structure refinement for 137 
 
Identification code  sh3244 
Empirical formula  Br12 Si5 x ¼ Br4 Si 
Formula weight  1186.30 
Temperature  132(2) K 
Wavelength  0.71073 Å 
Crystal system  Cubic 
Space group  F-43c 
Unit cell dimensions a = 17.7567(15) Å = 90°. 
 b = 17.7567(15) Å = 90°. 
 c = 17.7567(15) Å  = 90°. 
Volume 5598.7(8) Å3 
Z 8 
Density (calculated) 2.815 Mg/m3 
Absorption coefficient 18.808 mm-1 
F(000) 4228 
Crystal size ? x ? x ? mm3 
range for data collection 2.29 to 26.32°. 
Index ranges -22<=h<=21, -21<=k<=22, -22<=l<=21 
Reflections collected 10962 
Independent reflections 489 [R(int) = 0.4991] 
Completeness to = 26.32° 100.0 %  
Absorption correction Semi-empirical from equivalents 
Refinement method Full-matrix least-squares on F2 
Data / restraints / parameters 489 / 6 / 19 
Goodness-of-fit on F2 1.480 
Final R indices [I>2(I)] R1 = 0.1097, wR2 = 0.3145 
R indices (all data) R1 = 0.1326, wR2 = 0.3325 
Absolute structure parameter 0.00 
Largest diff. peak and hole 2.085 and -3.442 e.Å-3 
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7.13. Crystal data and Structure refinement for 138 
 
Identification code  sh3320 
Empirical formula  C102 H146 Br2 Si5 
Formula weight  1672.46 
Temperature  132(2) K 
Wavelength  0.71073 Å 
Crystal system  Monoclinic 
Space group  I2/a 
Unit cell dimensions a = 19.1089(9) Å = 90°. 
 b = 10.9856(5) Å = 93.336(4)°. 
 c = 46.401(3) Å  = 90°. 
Volume 9724.0(8) Å3 
Z 4 
Density (calculated) 1.142 Mg/m3 
Absorption coefficient 0.938 mm-1 
F(000) 3592 
Crystal size 0.62 x 0.38 x 0.21 mm3 
range for data collection 0.88 to 26.37°. 
Index ranges -23<=h<=21, -13<=k<=13, -57<=l<=56 
Reflections collected 71737 
Independent reflections 9947 [R(int) = 0.0816] 
Completeness to = 26.37° 100.0 %  
Absorption correction Semi-empirical from equivalents 
Max. and min. transmission 0.8273 and 0.5938 
Refinement method Full-matrix least-squares on F2 
Data / restraints / parameters 9947 / 190 / 545 
Goodness-of-fit on F2 1.066 
Final R indices [I>2(I)] R1 = 0.0633, wR2 = 0.1225 
R indices (all data) R1 = 0.1121, wR2 = 0.1392 
Largest diff. peak and hole 0.673 and -1.491 e.Å-3 
 
 
 
 
 
 
 
 
 
 
 
 
 
299 
 
7.14. Crystal data and Structure refinement for 152 
 
Identification code  sh3305 
Empirical formula  C53 H75 Br S2 Si2 
Formula weight  958.89 
Temperature  133(2) K 
Wavelength  0.71073 Å 
Crystal system  Triclinic 
Space group  P-1 
Unit cell dimensions a = 11.9898(12) Å = 70.060(5)°. 
 b = 21.873(2) Å = 89.494(5)°. 
 c = 22.491(2) Å  = 74.747(5)°. 
Volume 5328.2(9) Å3 
Z 4 
Density (calculated) 1.195 Mg/m3 
Absorption coefficient 0.930 mm-1 
F(000) 2050 
Crystal size 0.71 x 0.64 x 0.24 mm3 
 range for data collection 1.03 to 26.37°. 
Index ranges -14<=h<=14, -27<=k<=27, -28<=l<=22 
Reflections collected 80304 
Independent reflections 21645 [R(int) = 0.0851] 
Completeness to  = 26.37° 99.4 %  
Absorption correction Semi-empirical from equivalents 
Max. and min. transmission 0.8076 and 0.5584 
Refinement method Full-matrix least-squares on F2 
Data / restraints / parameters 21645 / 408 / 1201 
Goodness-of-fit on F2 1.037 
Final R indices [I>2(I)] R1 = 0.0743, wR2 = 0.1738 
R indices (all data) R1 = 0.1274, wR2 = 0.1984 
Largest diff. peak and hole 2.569 and -1.104 e.Å-3 
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7.15. Crystal data and Structure refinement for 154 
 
Identification code  sh3322 
Empirical formula  C53 H73 Br Cl2 S2 Si2 
Formula weight  981.22 
Temperature  132(2) K 
Wavelength  0.71073 Å 
Crystal system  Triclinic 
Space group  P-1 
Unit cell dimensions a = 12.1003(7) Å = 97.063(3)°. 
 b = 14.0474(7) Å = 96.928(3)°. 
 c = 17.2736(9) Å  = 115.211(3)°. 
Volume 2586.9(2) Å3 
Z 2 
Density (calculated) 1.260 Mg/m3 
Absorption coefficient 1.059 mm-1 
F(000) 1040 
Crystal size 0.70 x 0.34 x 0.31 mm3 
 range for data collection 1.21 to 27.99°. 
Index ranges -15<=h<=15, -18<=k<=18, -22<=l<=22 
Reflections collected 65478 
Independent reflections 12419 [R(int) = 0.0432] 
Completeness to = 27.99° 99.6 %  
Absorption correction Semi-empirical from equivalents 
Max. and min. transmission 0.7377 and 0.5227 
Refinement method Full-matrix least-squares on F2 
Data / restraints / parameters 12419 / 0 / 559 
Goodness-of-fit on F2 1.047 
Final R indices [I>2(I)] R1 = 0.0418, wR2 = 0.1096 
R indices (all data) R1 = 0.0571, wR2 = 0.1170 
Largest diff. peak and hole 0.797 and -0.754 e.Å-3 
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7.16. Crystal data and Structure refinement for 160 
 
Identification code  sh3265 
Empirical formula  C98 H142 S2 Si4 
Formula weight  1496.60 
Temperature  133(2) K 
Wavelength  0.71073 Å 
Crystal system  Triclinic 
Space group  P-1 
Unit cell dimensions a = 10.5692(11) Å = 97.927(4)°. 
 b = 12.8947(12) Å = 99.449(3)°. 
 c = 18.877(2) Å  = 109.277(5)°. 
Volume 2344.0(4) Å3 
Z 1 
Density (calculated) 1.060 Mg/m3 
Absorption coefficient 0.150 mm-1 
F(000) 818 
Crystal size 0.41 x 0.28 x 0.10 mm3 
range for data collection 1.12 to 26.65°. 
Index ranges -13<=h<=13, -15<=k<=16, -23<=l<=23 
Reflections collected 34300 
Independent reflections 9573 [R(int) = 0.0473] 
Completeness to = 26.65° 96.8 %  
Absorption correction Semi-empirical from equivalents 
Max. and min. transmission 0.9848 and 0.9417 
Refinement method Full-matrix least-squares on F2 
Data / restraints / parameters 9573 / 24 / 529 
Goodness-of-fit on F2 1.996 
Final R indices [I>2(I)] R1 = 0.0992, wR2 = 0.2442 
R indices (all data) R1 = 0.1631, wR2 = 0.2569 
Largest diff. peak and hole 2.030 and -0.404 e.Å-3 
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7.17. Crystal data and Structure refinement for 166 
 
Identification code  sad 
Empirical formula  C56 H82 N Si2 
Formula weight  825.41 
Temperature  173(2) K 
Wavelength  0.71073 Å 
Crystal system  Triclinic 
Space group  P-1 
Unit cell dimensions a = 12.8044(8) Å  = 94.0300(10)° 
 b = 14.0188(8) Å  = 97.3140(10)° 
 c = 14.6398(9) Å  = 98.2820(10)° 
Volume 2568.8(3) Å3 
Z 2 
Density (calculated) 1.067 Mg/m3 
Absorption coefficient 0.104 mm-1 
F(000) 906 
Crystal size 0.40 x 0.25 x 0.20 mm 
 range for data collection 1.94 to 26.02° 
Index ranges -15<=h<=15, -17<=k<=17, -18<=l<=18 
Reflections collected 22218 
Independent reflections 10042 [Rint = 0.0244] 
Completeness to  = 26.02° 99.2 % 
Absorption correction Semi-empirical from equivalents 
Max. and min. transmission 0.98 and 0.841166 
Refinement method Full-matrix least-squares on  F2 
Data / restraints / parameters 10042 / 0 / 552 
Goodness-of-fit on F2 S = 1.050 
R indices [for 8663 reflections  R1 = 0.0493, wR2 = 0.1212 
with  I>2(I)]  R1 = 0.0575, wR2 = 0.1271 
R indices (for all 10042 data)  
Weighting scheme w-1 =  2(Fo2)  + (aP)2 + (bP), 
 where P = [max(Fo2, 0) +  2Fc2]/3 
 a = ?, b = ? 
Largest diff. peak and hole 0.445 and -0.222 eÅ-3 
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7.18. Crystal data and Structure refinement for 167 
 
Identification code DS1002 
Empirical formula C103 H149 N Si4 
Formula weight 1513.59 
Temperature 173(2) K 
Diffractometer, wavelength OD Xcalibur PX Ultra, 1.54184 Å 
Crystal system, space group Monoclinic, C2/c 
Unit cell dimensions a = 47.3564(6) Å  = 90° 
 b = 19.27691(16) Å  = 122.2404(18)° 
 c = 25.4648(3) Å  = 90° 
Volume, Z 19662.2(5) Å3, 8 
Density (calculated) 1.023 Mg/m3 
Absorption coefficient 0.871 mm-1 
F(000) 6640 
Crystal colour / morphology Dark orange blocks 
Crystal size 0.28 x 0.16 x 0.11 mm3 
 range for data collection 2.21 to 72.54° 
Index ranges -37<=h<=58, -23<=k<=21, -31<=l<=30 
Reflns collected / unique 45628 / 19074 [R(int) = 0.0182] 
Reflns observed [F>4(F)] 16141 
Absorption correction Analytical 
Max. and min. transmission 0.922 and 0.838 
Refinement method Full-matrix least-squares on F2 
Data / restraints / parameters 19074 / 156 / 1013 
Goodness-of-fit on F2 1.094 
Final R indices [F>4(F)] R1 = 0.0500, wR2 = 0.1448 
R indices (all data) R1 = 0.0570, wR2 = 0.1494 
Largest diff. peak, hole 0.622, -0.332 eÅ-3 
Mean and maximum shift/error 0.000 and 0.001 
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7.19. Crystal data and Structure refinement for 168 
Identification code DS1029 
Formula C153 H219 N Si6, 1.25(C6 H14) 
Formula weight 2348.55 
Temperature 173(2) K 
Diffractometer, wavelength OD Xcalibur PX Ultra, 1.54184 Å 
Crystal system, space group Hexagonal, P6(1) 
Unit cell dimensions a = 19.7556(3) Å  = 90° 
 b = 19.7556(3) Å  = 90° 
 c = 75.5741(12) Å  = 120° 
Volume, Z 25543.6(7) Å3, 6 
Density (calculated) 0.916 Mg/m3 
Absorption coefficient 0.765 mm-1 
F(000) 7743 
Crystal colour / morphology Yellow hexagonal needles 
Crystal size 0.34 x 0.27 x 0.20 mm3 
 range for data collection 2.58 to 72.50° 
Index ranges -20<=h<=22, -23<=k<=24, -71<=l<=93 
Reflns collected / unique 69469 / 28992 [R(int) = 0.0918] 
Reflns observed [F>4(F)] 22766 
Absorption correction Analytical 
Max. and min. transmission 0.869 and 0.826 
Refinement method Full-matrix least-squares on F2 
Data / restraints / parameters 28992 / 1648 / 1869 
Goodness-of-fit on F2 1.719 
Final R indices [F>4(F)] R1 = 0.1683, wR2 = 0.4327 
R indices (all data) R1 = 0.1866, wR2 = 0.4483 
Absolute structure parameter 0.21(5) 
Extinction coefficient 0.0013(2) 
Largest diff. peak, hole 0.884, -0.406 eÅ-3 
Mean and maximum shift/error 0.000 and 0.002 
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7.20. Crystal data and Structure refinement for 173 
 
Identification code DS1021 
Formula C90 H139 Br Si4, 2(C6 H6) 
Formula weight 1569.50 
Temperature 173(2) K 
Diffractometer, wavelength OD Xcalibur 3, 0.71073 Å 
Crystal system, space group Monoclinic, P2(1)/n 
Unit cell dimensions a = 21.3758(5) Å  = 90° 
 b = 19.0657(5) Å  = 110.327(3)° 
 c = 24.9908(6) Å  = 90° 
Volume, Z 9550.6(4) Å3, 4 
Density (calculated) 1.092 Mg/m3 
Absorption coefficient 0.524 mm-1 
F(000) 3416 
Crystal colour / morphology Red blocks 
Crystal size 0.48 x 0.44 x 0.37 mm3 
 range for data collection 2.95 to 30.14° 
Index ranges -29<=h<=29, -24<=k<=25, -35<=l<=28 
Reflns collected / unique 85012 / 24129 [R(int) = 0.0365] 
Reflns observed [F>4(F)] 13645 
Absorption correction Analytical 
Max. and min. transmission 0.872 and 0.820 
Refinement method Full-matrix least-squares on F2 
Data / restraints / parameters 24129 / 179 / 1000 
Goodness-of-fit on F2 0.940 
Final R indices [F>4(F)] R1 = 0.0532, wR2 = 0.1440 
R indices (all data) R1 = 0.1078, wR2 = 0.1562 
Largest diff. peak, hole 0.716, -0.731 eÅ-3 
Mean and maximum shift/error 0.000 and 0.001 
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